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Abstract
In 2015 a team of scientists used a new gene-editing technique called
CRISPR-Cas9 to edit the genome of 86 non-viable human embryos. The
experiment sparked a global debate on the ethics of geneediting. In this
paper, I first review the key ethical issues that have been addressed in this
debate. Although there is an emerging consensus now that research on the
editing of human somatic cells for therapeutic purpose should be pursued
further, the prospect of using gene-editing techniques for the purpose of
human enhancement has been met with strong criticism. The main thesis
that I defend in this paper is that some of the most vocal objections recently
raised against the prospect of genetic human enhancement are not justified. I
put forward two arguments for the morality of genetic human enhancement.
The first argument shows how the moral and legal framework within which
we currently claim our procreative rights, especially in the context of IVF
procedures, could be deployed in the assessment of the morality and legality
of genetic human enhancement. The second argument calls into question the
assumption that the average level of human cognitive performance should
have a normative character.
Introduction
Recent developments in biotechnology have sparked a new debate on the ethics of
scientific research.A ground-breaking gene-editing tool called CRISPR-Cas9 (Clustered
Regularly-Interspaced Short Palindromic Repeats) has proved to be much cheaper,
easier to use, quicker, and more accurate than other tools for genome editing. CRISPRCas9 promises a wide range of applications, and perhaps even a new era for research in
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biology.1But the limits for a morally acceptable use of CRISPR-Cas9 are still quite
controversial.
Thus far, CRISPR-Cas9 has been used, for instance, in research for the creation of seeds
of rice, soybeans, and potatoes that are more resistant to pests, or of grass that needs less
mowing (Specter 2015; Ainsworth 2015;Ledford 2016). The legal status of these seeds
is still uncertain in some jurisdictions. They do not count as “transgenic” because they
are not produced by inserting the genes of one species into the genome of another
species. For this reason they may escape the strict regulations that apply for transgenic
food (Waltz 2016; Nature(Editorial) 2017a). CRISPR-Cas9 has also been used to edit
the genome of the mosquitoes that carry the malaria parasite, rendering them unable to
transmit the disease (Ledford and Callaway 2015). In 2015 CRISPR-Cas9 was used in
the creation of smaller pigs, which can be sold as pets in a variety of coat colors and
patterns (Cyranoski 2015b). GM pigs could also be engineered to grow organs for
transplantation into human beings without the risk of rejection or the fear that they
would trigger diseases (Reardon 2015b;Wu et al. 2017).2This would certainly reduce the
number of deaths resulting from a shortage of human organs for transplantation.
Because these pigs carry both pig cells and human cells they are called “chimeras.”
There has also been speculation on the use of CRISPR-Cas9 to “de-extinct” some
species. It is not clear, however, whether it would be desirable or ethical to reintroduce
into their original environment plants or animals that have been extinct for centuries
(Charo and Greely 2015, 12).
Some philosophers, policy makers, environmentalists and animal rights activists have
already expressed deep concern over the widespread use of CRISPR-Cas9. Some worry,
for instance, that GM mosquitoes, once released in the wild, could behave in very
unpredictable ways. They might disrupt an entire ecosystem (Ledford 2015a, 2015b).
Supporters of animal rights argue that it is morally wrong to create GM pigs to give
human beings new kinds of pets or spare human organs. The moral status of chimeras is
also unclear. In August 2016 the NIH (National Institutes of Health), in the USA, issued
a request for public comment on “Certain Human-Animal Chimera Research.”3The fear
that CRISPR-Cas9 might one day be used in the development of bioweapons has also
been vented among intelligence officials in the USA. They suggest that bioweapons
carrying GM pathogens would be easier and cheaper to produce, and far harder to
control, than nuclear weapons (Dando 2016).
But no other field of application of CRISPR-Cas9 has generated more concern thus far
than the prospect of editing the genome of human beings. It is now possible to identify
three main questions in the current debate on the ethics of gene editing. I have listed
these questions in what I see as an increasing order of moral concern. This means that
Question 3 has generated more concern than Question 2, and Question 2 has generated
more concern than Question 1.
Question 1. Would it be morally acceptable to use CRISPR-Cas9 in order to modify
human somatic cells in the attempt to find a cure for diseases such as sickle cell anemia,
Huntington’s disease, AIDS, and different types of cancer?
Question 2. Would it be morally acceptable to use CRISPR-Cas9 in order to modify
human germ cells (sperm, eggs, or early embryos) in order to prevent the occurrence of
some genetic disorder in a child, and in the children descending from that child?
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Question 3. Would it be morally acceptable to edit human cells (whether somatic or
germ cells) in order to engineer a child with enhanced human capacities such as
increased strength, higher intelligence, or improved resistance to diseases?
Question 1 concerns the use of CRISPR-Cas9 for genetic modifications that will not be
inherited by the next generation. If this procedure proves to be safe in the future, a GM
human embryo will develop into a fetus that does not carry genetic disorders; and
people whose cells have been genetically modified later in life will be able to fight
diseases such as AIDS or cancer. But the genetic modification will not be passed on to
their offspring. Question 2, on the other hand, concerns the use of CRISPR-Cas9 to
change DNA sequences in the human germline. In this case, the genetic modification
will be inherited by subsequent generations. But while the first two focus on the use of
CRISPR-Cas9 for the treatment of illnesses, Question 3 focuses on the prospect of
editing the human genome for the purpose of human enhancement. It is the proposal
expressed in Question 3 that has been most criticized thus far.
The prospect of genetically enhancing human beings has been received with more
suspicion, and sometimes with hostility, than the goals expressed in Questions 1 and 2
(Blendon et al. 2016; Funk et al. 2016). One obvious reason for this is that we are still
far from being able to engineer a human embryo with a specific set of desirable traits
such as increased chances of living a long and healthy life, improved resistance to
diseases, or augmented intelligence. But the main reason for the widespread hostility
toward Question 3 is the eugenic implications it has. The prospect of living in a society
of “designer babies” reminds us of the eugenic policies pursued early in the
twentiethcentury in the USA, and the plans for the creation of a “master race” in
Germany during the years leading up to World War II. But is the current hostility to
genetic human enhancement justified?
In what follows, my intention is first to review the reasons for the recent interest in the
ethics of editing the human genome. Then, I would like to address Question 3. The main
thesis that I defend in this paper is that some of the most vocal objections recently
raised against the prospect of genetic human enhancement are not justified. I put
forward two arguments for the morality of genetic human enhancement. The first
argument shows how the moral and legal framework within which we claim our
procreative rights could be used to assess the legality and morality of genetic human
enhancement. The second argument calls into question the assumption that the average
level of human cognitive performance should have a normative character.
Editing human embryos
In April 2015 a team of Chinese scientists published a paper about the use of CRISPRCas9 in an experiment involving 86 human embryos. Their aim was to find a cure for a
hereditary blood disorder called beta-thalassemia. The embryos used in the experiment
were non-viable – they could not develop into human fetuses (Liang et al. 2015).
However, news that scientists had tried to edit the human genome sparked a cascade of
different reactions both within the scientific community and in society at large. Some
scientists and bioethicists argued that the experiment was morally unacceptable. They
went as far as to call for an international moratorium on any research involving the
editing of human genes (Lanphieret al. 2015; Darnovsky 2015; Pollack 2015; Cyranoski
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2015a, Cyranoski and Reardon 2015; Ledford 2015a). But other people welcomed the
experiment and declared that it represented the beginning of a new era for research that
could one day lead to the treatment and cure of several diseases, including AIDS and
many forms of cancer (Savulescu et al. 2015; Miller 2015; Pinker 2015; Harris 2015;
Baltimore et al. 2015; Bosley et al. 2015; Doudna 2015; Reardon 2015a; Cyranoski
2015a; The Economist 2015a).
Following the uproar caused by the publication of the Chinese paper, a global forum
was set up to address the ethical and the legal issues surrounding the use of CRISPRCas9 on human cells. The forum was called the“International Summit on Human Gene
Editing.” The first meeting took place in December 2015 in Washington DC, at the
National Academy of Sciences. Two further meetings were held in Washington, and one
in Paris.4The summit brought together leading scientists, policy makers, philosophers,
and representatives of religious groups. Early in 2017,the National Academy of
Sciences published a book-length report with recommendations for an ethical use of
CRISPR-Cas9 on human cells. The editing of the human germline is still considered a
very controversial topic. Most participants in the summit agreed that this procedure
might represent a great risk for the health of future generations. But there seems to be
now a broad consensus that the benefits resulting from research involving the editing of
human somatic cells are not negligible and that research in this area should be pursued
further (National Academy of Sciences 2017).
In April 2016, one year after the publication of the paper that sparked the global debate
on the ethics of human gene-editing, another team of Chinese scientists published a new
paper on the use of CRISPR-Cas9 on 213 human zygotes. Their aim was to induce a
mutation that makes some people immune to the HIV virus (Kang et al. 2016; Callaway
2016a). However, this time the experiment was hardly reported in the press. Early in
2016 a team of British scientists from the Francis Crick Institute received formal
permission to use CRISPR-Cas9 on human embryos (Francis Crick Institute 2016). But
these embryos may not be used to start a pregnancy. Swedish researchers from the
Karolinska Institute obtained similar permission in June 2016 (Callaway 2016b). And it
was also in June 2016 that the NIH approved the use of CRISPR-Cas9 for the
engineering of human immune cells that should be able to fight off some types of cancer
(Kaiser 2016). A few months later, in October 2016, a team of Chinese researcherstook
a step further: they used CRISPR-Cas9 to edit human cells outside of the human body.
The cells were then injected into a patient with lung cancer (Cyranoski 2016). The use
of CRISPR-Cas9 to edit human cells within the human body is expected to occur soon
(Le Page 2017).The key question now, therefore, is not so much whether it is ethical to
modify the DNA sequence of human cells for therapeutic reasons, but whether it is safe.
Or to put it more precisely: the main ethical issue now concerns the safety of the geneediting procedure for the health of human beings.
Safety issues are especially pressing in the case of human germline modification. If
anything goes wrong in the editing process, and an off-target mutation occurs, the next
generations will be affected too. It is also possible that some of the mutations resulting
from the unsuccessful editing of human genes could not be detected before childbirth,
or perhaps only later in life. At the present stage of scientific research, the tools
available for editing the human genome are still far from being sufficiently reliable to
ensure that only the targeted genes will be affected. Moreover, our knowledge of the
human genome is inchoate. Scientists are still struggling to understand how certain
27

genes, or group of genes, express such and such diseases, or such and such human traits.
Thus, for the time being, there are good reasons to ban the editing of human genes in
embryos that will develop into human fetuses, especially fetuses that will carry germline
modification. Many years of research maybe necessary before CRISPR-Cas9, or some
other gene-editing technique,5will be considered sufficiently safe, and legally
acceptable, to be applied in embryos intended to start a pregnancy. For the time being,
though, the risks for future generations are simply too high, so an ethical line must be
drawn, and legal restrictions must be imposed.
However, the current debate on the ethics of editing the human genome has also
prompted some scientists and bioethicists to criticize the morality of such experiments
not only because editing the human genome represents a risk for the health of human
beings. Some people argue that editing the human germline is morally wrong even if, in
the future, the procedure would prove safe and efficacious for the treatment of a wide
variety of diseases. For them, safety issues are not all that matters in the debate on the
ethics of editing the human genome. Two main objections, unrelated to safety issues,
have been raised against the prospect of editing the human germline. Both are related,
rather, to the fear of human enhancementand eugenics.
The first objection is that editing the human germline for therapeutic purpose would be
acceptable in itself, but it would also inevitably pave the way for non-therapeutic
applications. This would enable the emergence of “designer babies” and the dystopian
scenarios that films such as Gattaca (1997) and novels such as Brave New World
(1932), by Aldous Huxley, have depicted in the past. Edward Lanphier and colleagues,
for instance, made the following statement in the journal Nature shortly before the
appearance of thefirst paper on the use of CRISPR-Cas9 on human embryos: “Many
oppose germline modification on the grounds that permitting even unambiguously
therapeutic interventions could start us down a path towards non-therapeutic genetic
enhancement. We share these concerns” (Lanphier et al. 2015, 411).For the first
objection, therefore, editing the human germline should be stopped because it would
also lead us to pursue genetic human enhancement, and human enhancement itself is
morally wrong.
Objections to genetic human enhancement are not new. In a paper published in 2003,
Leon Kass, for instance, argues that: “Gene therapy for cystic fibrosis or Prozac for
psychotic depression is fine; insertion of genes to enhance intelligence or steroids for
Olympic athletes is not” (Kass 2003, 13). Francis Fukuyama made a similar point in
2002: “The original purpose of medicine is, after all, to heal the sick, not to turn healthy
people into gods” (Fukuyama 2002, 209). Objections to genetic human enhancement
have also been raised by philosophers such as Michael Sandel(2007) and Jürgen
Habermas(2002). For them, genetic human enhancement is morally wrong because it
represents a threat to our shared human nature.Many authors, though, have already
addressed these objections over the last years (Agar 2004; Glover 2006; Bostrom and
Ord 2006; Harris 2007; Blackford 2007, 2014). I intend to develop a further argument
later on, as I address Sandel’s “ethic of giftedness.” For now, I would like to turn to the
second objection against genetic human enhancement.
The second objection also states that editing the human genome should be stopped
because it paves the way for genetic human enhancement. But the argument goes on
that, even though genetic human enhancement is not morally wrong in itself, it would
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be the cause of major societal problems and social injustice: people who do not want to
enhance themselves, or cannot afford the costs of genetic enhancement, are likely to
face discrimination and stigmatization in the future. In October 2015 a committee of
scientists, philosophers, lawyers and government representatives, working for
UNESCO, issued a document entitled “Report of the IBC [International Bioethics
Committee] on updating its reflection on the human genome and human rights.” Their
intention was to address some of the ethical issues raised by the Chinese experiment of
2015. In the document, the committee suggests that genetic human enhancement is a
threat to “human dignity.” Consider, for instance, the following passage:
The goal of enhancing individuals and the human species by engineering the
genes related to some characteristics and traits is not to be confused with the
barbarous projects of eugenics that planned the simple elimination of human
beings considered as “imperfect” on an ideological basis. However, it impinges
upon the principle of respect for human dignity in several ways. It weakens the
idea that the differences among human beings, regardless of the measure of their
endowment, are exactly what the recognition of their equality presupposes and
therefore protects. It introduces the risk of new forms of discrimination and
stigmatization for those who cannot afford such enhancement or simply do not
want to resort to it.(UNESCO 2015, p. 27, §111;see also §9 and §122)
It is not clear, however, why the prospect of using gene-editing technology to enhance
human beings represents a threat to the “principle of respect for human dignity.” It is
certainly not morally wrong, for instance, to try to improve one’s cognitive capacities
(or one’s children’s cognitive capacities) by means of a well-balanced diet, good
education, and regular sleeping.These goods may have long-lasting or even permanent
effects on people’s lives as much as direct intervention in their genome. It is indeed true
that human enhancement has the potential to create “new forms of inequality,
discrimination and societal conflict” (Darnovsky 2015).But a healthy diet, good
education, and a comfortable sleeping room may turn out to be even more expensive,
and hardly affordable to many people, than genetic human enhancement.
If an extremely expensive new drug proved successful as a cure and prevention for
cancer, most countries would soon be divided between two conflicting groups: the
group of individuals who are going to die within the next few months, or live with the
fear of developing cancer one day because they cannot afford the new drug; and the
group of the lucky ones, rich enough to buy the new drug. This would certainly be the
cause of a major “societal conflict.” However, it would also prompt us to think of new
social arrangements and public policies in order to make sure that the new drug would
be available to every fellowcitizen. The attempt to ban research on expensive cancer
treatment in the first place would be an irrational strategy. And although we cannot
“redistribute” genes or talents in the same way we can redistribute basic goods such as
housing and education, there is no reason to assume that genetic human enhancement is
essentially incompatible with the pursuit of social justice. Before the emergence of
CRISPR-Cas9,Allen Buchanan et al. had already made the point that:“[…] some of the
most prominent and well-thought-out theories of distributive justice might be taken to
imply that intervention in the natural lottery may sometimes be required” (Buchanan et
al. 2000, 320. See also Glover 2006, 79). They particularly hadin mind interventions for
the purpose of genetic enhancement.
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Why not enhancement?
I would now like to propose two arguments that justify the use of gene-editing tools in
the enhancement of human cognitive capacities. The first argument calls attention to our
procreative rights, while the second criticizes the mistaken assumption that the current,
average level of human cognitive performance has a normative character.
First argument for genetic enhancement: procreative rights
Let us suppose that the technology for editing the human genome becomes effective and
safe in the future: so effective and safe that hereditary illnesses such as Huntington’s
disease, cystic fibrosis, Tay-Sachs disease, and other genetic disorders, could be
eradicated. In this hypothetical scenario, would it be morally wrong to use this
technology not only as a means of treatment, but also to promote the enhancement of
healthy individuals? Some people might welcome the editing of the human genome as a
means of treatment, but reject the morality of human enhancement. Human
enhancement, for them, is a form of eugenics. And the practice of eugenics, by reason
of our recent history, is always perceived now to be morally wrong. However, this
objection, in my view, is not justified, or at any rate is not consistent with other
practices that do not elicit such strong moral rejection in modern societies, and which
are already regulated by law.
Many couples, including women who prefer to get pregnant without having to have
sexual intercourse with a man, routinely resort to fertility clinics and sperm banks in
order to have a baby. It was reported in 2015, for instance, that the importation of
human semen for IVF (In Vitro Fertilization) had increased by more than 500 per cent
in Brazil over a period of one year (UOL Notícias 2015). The demand for imported
semen in Brazil became so high that the American company Fairfax Cryobank, which
sells human semen in the USA, opened an office in the city of São Paulo. Brazilian
legislation does not prohibit the importation of human semen for private use, but
prohibits its commercialization within its territory. American sperm banks, on the other
hand, provide a detailed account of the genetic profile of the donors, except for their
identity. The profile may include information relative to their eye color, hair color,
ethnic group, weight, blood type, height, and the medical records of the donor and his
relatives. Some information on the educational achievements of the donor may also be
provided as a means of assessment of his intelligence. Of course, there is no guarantee
that the IVF procedure will actually result in the birth of a child with the traits attributed
to the donor of the sperm. But neither Brazilian nor American law denies adult citizens
“procreative rights,” that is their right to choose a partner, or a sample of sperm, that is
most likely to generate a child with a specific set of featuresthey consider preferable
(Robertson 1994). Now, if we do not stop people from making these choices when the
probability that their children will actually have the desired traits is only slightly
increased, why should we deny them the right to make these choices when the
probability, thanks to advances in biotechnology, will become much higher? Procreative
rights have already enabled men and women to “design” their babies on legally and
morally acceptable grounds.
In countries such as Canada, Australia, China, and Great Britain the demand for human
semen for IVF has also soared over the last years. Sperm banks in these countries have
recently reported that they have not been able to meet the current demand, which has
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been boosted mainly by an increasing number of women who decide to delay
pregnancy; and by same-sex couples who, thanks to changes in societal attitudes toward
homosexuality, feel now encouraged to have their own children (Daily Mail Online
2014; Elgot 2015; Global Times 2016; Woudstra 2016). In 2016, the London Sperm
Bank launched an app that now allows prospective parents to receive an automatic
notification on their mobile phones whenever a new sample arrives. The information
about donors includes items such as “occupation” and “highest qualification,” which
work as predictors of intellectual capacity (Sklar 2016). An increasing number of people
are finding new ways to make use of their procreative rights. But procreative rights, of
course, are not absolute rights(Robertson 1994, 17 and 93; Agar 2004, 15; Glover 2006,
77).
Rules concerning the anonymity of donors, or the medical requirements that they have
to fulfill, or the human traits that would-be parents are allowed to request for the IVF
procedure, may vary from country to country. The sperm of a specific donor, for
instance, may be legally used to fertilize only a limited number of eggs. This reduces
the risks of consanguinity. Sperm banks must also take every measure to unsure that the
sperm sample chosen by a specific client will be the same sample eventually used in the
IVF procedure. And precedents resulting from legal disputes involving misconduct by
sperm banks – for instance the case Cramblett v. Midwest Sperm Bank, LLC (initiated in
2014) in the USA – might be adopted later as a legal framework for the regulation of
genetic human enhancement (Mcknight 2014).
IVF has its downsides too. Retrieving or “harvesting” the eggs from the ovaries is a
difficult and expensive process. It is also very uncomfortable for the woman. Daily
injections of hormones are necessary in order to stimulate the ovaries to release more
eggs than usual. Hormones shots occasionally lead to the overstimulation of the ovaries,
putting the health of the woman at risk. It is reasonable to assume, however, that these
disadvantages will eventually,within the next few decades, give rise to new (and
cheaper) methods of fertility treatment. Henry Greely, for instance, argues that, in the
future, instead of harvesting the eggs from the ovaries, clinicians will be able to use skin
cells to create iPSCs (induced Pluripotent Stem Cells), which can be turned into
virtually any human cells, including eggs. Alternatively, iPSCs could also be used to
produce male reproductive cells. This would allow two men to have a child of their own
without having to resort to donated eggs, although a gestational surrogate mother would
still be necessary. According to Greely, the use of iPSCs for the creation of human
reproductive cells would enable clinicians to fertilize simultaneously hundreds of eggs
stemming from the same woman. And as genome sequencing technology becamefaster
and cheaper, it would be possible, then, to screen hundreds of embryos for genetic
diseases and for traits that current IVF methods can predict only with far less accuracy.
Greely calls this procedure “Easy PGD.” He argues that children generated through
Easy PGD should not be called “designer babies,” for they are “selected” from a wide
range of embryos rather than “designed” by means of geneediting (Greely 2016).
Second argument for genetic enhancement: the myth of giftedness
Children who are above the average, as far as cognitive performance is concerned, are
sometimes called “gifted,” as though nature itself had given them a sort of gift. Gifted
children are usually encouraged to cultivate their intelligence to the utmost degree. This
can be achieved by means of special classes or supplementary education. Many
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countries have their own GATE (Gifted and Talented Education) programs. Decisionmaking in GATE programs usually occurs at the state or municipal level, rather than
federal level.6But governments, at a federal level, have the moral duty to enforce
legislation that provides every gifted child with equal access to GATE programs,
without bias to gender, religion, or ethnicity (Grissom et al. 2016). The academic
performance of children who go through GATE programs is likely to be superior to that
of “normal” children. But this kind of inequality is not usually perceived as a form of
injustice. The very existence of GATE programs relies upon the assumption that gifted
children should be encouraged to cultivate their cognitive capacities to their full extent.
No one would reasonably propose an education policy that promotes equality in public
schools by making sure that gifted children will not fare better than other children.
Yet, the use of the word “gift” is misleading. There is no such a thing as a “gift,”
bestowed on us by nature. For this reason one might prefer to speak here of a “talent”
instead of a “gift.” But the word “talent,” too, has a metaphysical connotation. It
originally evoked the idea of a monetary gift, as the word occurs, for instance, in the
Bible, in “The parable of the talents” (Matthew 25:14–30) (Lühe 1998). The document
issued by the UNESCO, quoted above, deploys a similar vocabulary: it speaks of an
“endowment,” which human beings have received in different measures. The idea here
is that people cannot tamper with “the measure of their endowment” without violating a
sort of natural law – without impinging “upon the principle of respect for human
dignity.” But an “endowment” or a “gift” implies the existence of an entity that gives us
these things. This entity, however, does not exist, or if it exists it is hard to make sense
of it in a debate in which theological or metaphysical assumptions should not be
mandatory for people who do not share these ideas.Still,many people, in the public
sphere,speak of “talents,”“gifts,”or “endowments”while implicitly assuming that there
is an entity that we ought to respect, an entity toward whom we should have a sense of
gratefulness.
Sandel, for instance, argues that we should “acknowledge the giftedness of life” (Sandel
2007, 27). This means that prospective parents should refrain from the temptation to
design their babies by means of genetic engineering and remain open to “the unbidden”
(Sandel 2007, 45–46). Sandel is willing to recognize that his argument resonates with
“religious sensibility,” but he actually does not present a better argument, devoid of
disguised theological assumptions (Sandel 2007, 27). The current reaction against the
prospect of editing the human genome for the purpose of human enhancement, when it
is not motivated by safety reasons, seems to be a remnant of the same kind of “religious
sensibility” that pervades Sandel’s argument and also lurks behind the use of words
such as natural “gifts,”“endowments,” and “talents.”
Why, after all,should we have a positive attitude toward people’s talents, and urge gifted
children to cultivate their cognitive capacities, but have a negative attitude when a
superior level of intelligence does not emerge at random, but arises as the product of our
deliberate attempt to change our natural genetic makeup? Criticism of genetic human
enhancement involves the assumption that the “normal” or average level of human
intelligence should be preferred simply by virtue of its being the current state of the
human condition (Bostrom and Ord 2006). But this assumption is mistaken on both
normative and descriptive grounds. It is mistaken on normative grounds because, as we
have just seen, unless one embraces a teleological conception of nature, or a religious
worldview, there is really no reason to assume that we ought not to depart from the
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status quo line. And it is mistaken on descriptive grounds too, for the average level of
human cognitive capacities is not stationary. The IQ of the world population has
steadily increased over the twentieth century, though not at the same pace in every part
of the world. This phenomenon has been known as the “Flynn effect.”
The explanation for the Flynn effect has been the object of much debate, but the
phenomenon itself is well-documented (Flynn 2007, 2012, 2013; Steen 2009; Feyrer et
al. 2013;Clark et al. 2016 ). It is believed that massive gains in IQ throughout the
twentieth century are attributable to the interplay of different factors such as better
nutrition, compulsory education for all children in most countries, and the emergence of
more cognitively demanding jobs. Other factors are less apparent but equally important
for the IQ increase. It is well-known, for instance, that iodine deficiency is associated
with mental retardation. Iodine deficiency during pregnancy can also lead to irreversible
brain damage. Some studies suggest that the average IQs of iodine-deficient populations
are 10 to 15 points lower than the average IQ in iodine-sufficient populations (Steen
2009, 83–84; Feyrer et al. 2013, 8). A document issued by the UNICEF in 2007 warns
that iodine deficiency is still a “major public health problem in Europe”
(UNICEF/World Health Orgization 2007, vii). This problem is associated with “subtle
degrees of mental impairment” that account for lower academic performance in school
children (UNICEF/World Health Organization 2007, vii. See also Aburto et al. 2014,
10). The fight against iodinedeficiency in large populations is usually pursued through
salt-iodization, which is a quite inexpensive procedure (Steen 2009, 83).
Policy makers seem to agreethat preventable low IQ levels are a matter of public health
concern. Policy makers, then, have the moral duty to ensure that school children will not
suffer from lower IQ levels as a result of iodine deficiency. But once this problem has
been addressed, why should policy makers stop at salt-iodization? What ifsome new
gene-editing tool could enable us to increase safely the IQ levels of children even
further, and at the same cost as salt-iodization?
One might argue here that the implementation of public policies that involve the use
gene-editing tools for the purpose of enhancing the IQ levels of children would not be
acceptable, for this would conflict with parents’ procreative rights. Public policies for
the purpose of geneticcognitive enhancement, it might be argued, seem to depart from
the less controversial form of “liberal eugenics”that I have defended in the previous
section of this paper. However, there is some evidence now suggesting that the number
of years that children spend in education is correlated with several genetic markers that
have been recently discovered (Hayden 2016. See also Sniekers et al. 2017; Nature
(Editorial) 2017b).For sure, there are many other markers that are also relevant for
cognitive performance, but that have not been discoveredas yet.And it is also far from
clear whether gene-editing technologies might be deployedone day to change these
markers without the risk of off-target mutations or unintended impairmentof other
human capacities. Yet asour knowledge in this area increases,we will have to face the
question whether we do not have a duty to improve the academic performance of
children who lag behind through no fault of their own, or because the educational
systemsof their communities are defective, but simply because the natural lottery did
not favor them.
Oxford philosopher Anthony Kenny has summarized the moral problem posed by new
technologies aptly: “As technology increases our knowledge of evils and our power to
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remove them, it increases our responsibility for not removing them” (Kenny 2006,
124).This means that policy makers are morally responsible for inappropriate use of
new technologies as much as for failing to deploy new technologies altogether. If geneediting tools are used forthe treatment of children with poor academic performance in
the future, then the status quo line for cognitive performance will move upwards in the
same way that the use of salt-iodization has contributed to an increase of IQ levels in
our recent past.
The assumption that the average level of human intelligence should work as a normative
threshold for the improvement of human cognitive performance is misleading. Several
longitudinal studies show that there is not a stable, permanent status quo line for human
cognitive performance. Now, whether or not massive IQ gains throughout the
twentiethcentury really amount to “cognitive enhancement” is an interesting question.
Cameron Clark and colleagues, for instance, argue that the Flynn effect should not be
interpreted as a sort of “real cognitive enhancement of our species”:
The central thesis of this paper is that although it would be convenient to
conclude that the rises in measured IQ scores throughout the 20th century
signify a sort of straightforward or real cognitive enhancement of our species,
these rises are more appropriately viewed as real increases in test performance
due to enhanced cognitive environments conferred upon our species by the
social and cultural environments of the 20th century and likely before; that is,
the Flynn effect does not represent genuine increases in general intelligence but
rather increasing test performance due to an increasing aptitude for the types of
modern thinking that modern life requires and that IQ tests measure. (Clark et al.
2016, 41)
What Clark and colleagues have in mind here is that modern life presents us with an
array of cognitively demanding tasks. An increasing number of people have to process a
flood of information, and deal with a variety of symbols, tables, graphs, and statistics in
their everyday lives. We have also grown accustomed to expressing our own ideas by
means of abstractions and hypothetical reasoning. The language of science pervades the
public sphere in a way that would have been comprehensible to only a limited number
of educated people before the twentieth century (Flynn 2007, 146). Clark and
colleagues, therefore, are right in suggesting that our great-grandparents were not
generally less “intelligent” than we are now, although our great-grandparents would
have shown signs of mental retardation if, in the past, they had been submitted to the
standard IQ tests that are applied today(Clark et al. 2016, 40-41. See also Flynn 2007,
9–10). Our great-grandparents simply did not have to face the same kinds, and a similar
amount, of cognitive tasks and intellectual puzzles that we do. IQ tests are supposed to
assess our ability to deal with the typical conundrums of modern life, not our capacity to
deal with the pre-industrial tasks that most people had to face on a daily basis in the
past.
However, what is at stake in the current debate on “cognitive enhancement” is not so
much whether or not we can obtain “genuine increases in general intelligence,” even
though genuine increases, too, would count as cognitive enhancement. Cognitive
enhancement concerns, rather, the use ofdrugs or techniques that have the potential to
help us in dealing with the challenges, and explore the possibilities, of modern life. 7If
CRISPR-Cas9–or some other gene-editing technique–ever becomes reliable and safe for
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therapeutic purpose, there are no good reasonsto assume that CRISPR-Cas9 should not
ever be used to help us live in cognitive environments that, in the future, are likely to be
even more demanding than the cognitive environments in which we live today.
Conclusion
Genetic cognitive enhancement may turn out to become necessary in the future in the
same way that antibiotics and mass vaccination have become indispensable in the
attempt to make us fit to meet pathogens that we had not encountered before, or were
only poorly equipped to fight with our natural, unenhanced immune system.In the
future, policy makers may even come to consider genetic cognitive enhancement as a
matter of public policy for the same sort of reasons that measures such as saltiodization,mass immunization, and GATE programshave been implemented in our
recent past.
The final report of the National Academy of Sciences on the ethics of human genome
editing concludes its chapter on genetic human enhancement with the following
recommendation: “Government bodies should encourage public discussion and policy
debate regarding governance of somatic human genome editing for purposes other than
treatment or prevention of disease or disability” (National Academies of Sciences 2017,
123). The present paper is, indeed, an attempt to contribute to this debate.
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Notes
1. For an account of the emergence of CRISPR technology, see Ledford 2016; Lander
2016; Specter 2016; Doudna and Sternberg 2017.
2. See for instance the website of the company eGenesis (eGenesis 2017).
3. See NIH, Notice Number: NOT-OD-16-128, entitled “Request for Public Comment
on the Proposed Changes to the NIH Guidelines for Human Stem Cell Research and the
Proposed Scope of an NIH Steering Committee’s Consideration of Certain HumanAnimal Chimera Research” (National Institutes of Health 2016).
4. A summary of the four meetings is available at National Academies 2017.See also
National Academy of Sciences 2015 and Reardon 2015c, 2015d.
5. A new technique called CRISPR-Cpf1 has recently been reported to be even more
effective and precise than CRISPR-Cas9. See Zetsche 2015; The Economist 2015b.
6. See for instance the websites of the National Association for Gifted Children (n.d.) in
the USA; the Australian Association for the Education of the Education of the Gifted
and Talented (n.d.); and Potential Plus UK (2017).
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7. For the current debate on the ethics of cognitive enhancement, see Jotterand and
Dubljevic 2016.
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