; Handbook shows how power relations are both exercised and disguised through appar. neutral expertise or artefacts, as well as how such linkages are disrupted by subaltern
ps. The articles offer STS methods for critical analysis to learn from struggles for social
:e and to inform them.'
Les Levido1111 Editor, Science as Culture
; timely set of essays results in much more than a summary of a field; it is an incisive and
ard-looking collection,. offering a substantive journey into new directions in STS
.arship today. The book will be widely read for its diversity of approaches, yet coherence
tapters that together challenge a rethinking of sociotechnical processes as they unfold in
t1ajor areas of contemporary public debate.'
Laura Mamo,Author <if Queering Reproduction

Routledge Handbook of
Science, Technology,
and Society

Edited by Daniel Lee Kleinman and Kelly Moore

I~ ~~~~!n~Fl;up
LONDON AND NEW YORK

5
Producing the Consumer of
Genetic Testing The double-edged sword of empowerment
Shobita Parthasarathy
UNIVERSITY OF MICHIGAN

In America's healthcare marketplace, the user has long been treated as both a patient and a
consumer. She has had some choice over her physician and could demand access to son1e services, and was often left paying exorbitant prices. But her power has always been somewhat
limited, constrained by government regulations over drugs and medical devices, the rules of
insurance companies, and the expertise and authority of science policy advisors, physicians and
other healthcare professionals.The technologies of the twenty-first century, facilitated by particular social, political, and economic systems, have pushed the identity of the healthcare user
farther toward that of a consumer who is presumed to be empowered by increased access to
information and can, therefore, make independent decisions about herself, her healthcare, and
her life. Scholars have argued, for example, that the internet allows users to come to medical
appointments informed with information that diagnoses maladies and suggests treatments
(Broom 2005, Fox et al. 2004). These technologies have shifted the power dynamics of the
doctor-patient relationship, destabilizing the traditional role of the physician whose expertise
was based on access to specialized knowledge.
In this chapter, I argue that genetic testing is playing an important role in producing the
twenty-first century healthcare consumer. Once a service available only through specialized
clinics inside research-based university hospitals and used to predict or diagnose a handful of
severe diseases, an array of genetic tests are now offered by companies through the internet and
used to identify a wide variety of characteristics and conditions. Some tests predict an individual's risk of developing breast or ovarian cancer, while others, as Kimberly Tallbear discusses
(Chapter 1 in this book), claim to map an individual's genetic ancestry. Genetic testing companies, health policymakers, and some scholars herald the potential of these tests to empower
users. Nikolas Rose and Carlos Novas, for example, have suggested that with the rise of genetic
medicine has come the birth of the "somatic individual," who, rather than being passive and
disadvantaged by biological destiny, is able to use the information generated through genetic
testing to "increase the quality of their lives, self-actualize, and to act prudently in relation to
themselves and to others" (Novas and Rose 2000: 487). Responding to scholars who argue that
the rise of genetic technologies will lead to the stigmatization of genetically disadvantaged individuals, these authors and their followers remind us that these users should not be understood
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simply as helpless victims. By producing knowledge about their bodies, these technologies can
also help users better govern themselves and their futures. Novas and Rose's "somatic individual" can also be understood as an autonomous consumer, who makes rational choices in the
marketplace about whether to purchase a genetic test and which test to take. Once she is
equipped with the additional information generated by the test, she can become a better and
more rational actor in the marketplace.
But those who emphasize the empowerment potential of genetic technologies, including
these scholars who have developed the idea of the "somatic individual," assume that the experiences of users will be the same regardless of the technology's provenance and design, and the
position of the user. Indeed, the tantalizing prospect of genetic testing as a tool of empowerment rests on four key assumptions: that the information generated by this technology is
accurate, easily understood, and benign; that the information produced is similarly empowering regardless of its utility; that it will have similar meaning and consequences regardless of the
demographics of the user; and that offering this information directly to the end user will allow
her to become sufficiently expert to make independent decisions about her life. If we look
deeply at these genetic testing systems, however, we see that these assumptions are problematic.
Rather, we see that the design of a genetic testing system shapes the utility of the information
provided and its capacity for empowerment. In addition, treating the users of genetic tests as
typical consumers may have significant drawbacks for their health and welfare, which public
health professionals and policymakers would do well to address.
This chapter brings together two strands of scholarship from the field of science and technology studies (STS). The first demonstrates that a technology's historical, social, and political
environment, including its users, shapes how it is built and marketed (Bijker et al. 1989,
Wetmore 2004, Winner 1980). My own research has demonstrated how national context,
including its political culture, institutional arrangements, and social norms and values shape the
development of science and technology (Parthasarathy 2007). I have also suggested that this
context influences both the design of technologies and their implications. To facilitate this
analysis, I introduced (Parthasarathy 2007) the concept of "sociotechnical architectures" - the
human and technical components of innovations and the way developers fit them together to
perform specific functions. Identifying sociotechnicaf architectures and tracing their development illuminates how choice over the form of each component and its assembly into a
functioning whole influences a technology's social consequences.
Just as a building's architecture is the orderly organization of materials and components to
achieve a functional, economical, and sometimes environmentally sustainable entity, a technology's "sociotechnical architecture" incorporates functional, social, and ethical considerations to
serve human needs. Thus, to conduct an architectural assessment, we must first identify the
functions of the technological system being assessed. We then identify the human and technical components that fulfill those functions - how the technology is packaged, how it is offered,
inherent safeguards and limitations in the offering, and its cost. Finally, we study how the choice,
design, and assembly of these components "structure" the techno\ogy's implications, by influencing the way system participants interact with, and think and make decisions about, the
technology. A building's architecture shapes who can enter, how they move inside, and what
and where activities can be performed. The placement of windows or doors, for example, influence the types of discussions that occur in a room, and often have symbolic meaning regarding
an occupant's power and authority. Similarly, the architecture of a genetic testing system enables
and constrains user empowerment, familial relationships, and the healthcare professional's level
of authority, among other things. In other words, we cannot understand the empowerment
potential of a technology without investigating, in detail, its sociotechnical architecture.
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Second, a growing body of science and technology studies literature has made the concept
of expertise an object of analysis. This work has caused us to question how we identify an
expert in a particular subject or policy domain, arguing that academic credentials and professional qualifications should not necessarily be seen as more relevant to decisionmaking than the
knowledge that comes from experience. Many patient advocates, for example, have argued that
patients possess experiential expertise that is important for policymakers to consider (Callon
and Rabeharisoa 2008, Epstein 1996, McCormick et al. 2004). This work suggests that the
expertise proffered by highly specialized scientists, for example, is only partial and is sometimes
subjective, offering an overview based on research among large samples rather than a deep
understanding of an individual case. This shapes sociotechnical arrangements in particular ways,
toward more scientifically elegant or medically efficient solutions rather than those that
consider the needs and experiences of users (Epstein 1996, Lerner 2001). More and more,
scholars observe, citizens are challenging the expertise of the scientific and technological estab·lishment in ·favor of their own experiential understandings (Parthasarathy 2011). This strand of
research generally applauds efforts to consider expertise in a more multi-faceted way and to
democratize decision making about science and technology. The analysis provided in this chapter, however, cautions us against accepting .the expert capacity of healthcare users. First, it
suggests that because these genetic tests generate complex and often minimally digested information, their utility is not obvious. Therefore, there is still a role for the traditional genetics
expert who can help the user understand her genetic risk in the context of both her individual circumstances and aggregated scientific data. Second, it shows us that although the users of
genetic testing seem like somatic individuals who now have the power to use risk information
to make better decisions about their lives, genomics companies, who have an interest in increasing access to and demonstrating the utility of their technologies, are actually quietly replacing
healthcare professionals and science policy advisors in the expert role. In other words, the visible experts are being replaced by the often invisible producers of innovation.
In what follows, I explore the definition - and re-definition - of the user of genetic testing
as a healthcare consumer. I argue that the sociotechnical architectures of specific genetic testing systems shape their somatic individualism. I begin with an overview of the history of
genetic testing and a picture of the early genetic testing user in the United States. I then
compare two currently available genetic testing systems - offered by Myriad Genetics and
23andMe - and demonstrate that each offers a different kind of empowerment potential, which
is produced by its sociotechnical architecture. I also explore the benefits and risks of the
empowered consumer that each envisions. I conclude with a brief discussion of how the ongoing controversy over human gene patents affects the production of the healthcare consumer,
and I offer suggestions for how we might deal with the complex implications of user empowerment in the new era of genetic testing.

History of genetic testing in the United States
The first genetics clinics emerged in the first half of the twentieth century in hospitals
connected to universities. At this time, no laboratory tests were available to analyze the genetic
makeup of individuals and their families. Rather, the genetics analysis was a consultation
between a genetics expert (either MD or PhD trained) and the user (and, perhaps her spouse
or family members). It usually occurred when an individual or her healthcare professional
suspected a hereditary component to a particular condition or disease present in a family
member. While some of these users would consult with pediatricians or obstetricians, most of
them, seeking information about whether to marry or reproduce, would eventually meet with
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specialists in medical genetics, discuss their family history, and learn about the hereditary
dimensions of their condition or disease. These genetics specialists, however, operated quite
differently than most physicians of the day; not only did they not have quick cures for genetic
diseases, but they also opted to take a non-directive approach in their consultations. Trying to
distinguish themselves from an earlier eugenics movement in which governments, healthcare
professionals, and scientists sought to take control over reproductive decision-making, geneticists did not prescribe a specific course of action, but rather tried to simply provide information
and discuss options about the meaning of an individual's family history of diseases and the
consequences of particular marital and reproductive decisions (Paul 1995, Kevles 1988).
These services changed significantly in the 1960s and 1970s, as laboratory tests to detect
chromosomal and DNA anomalies became available and the U.S. Supreme Court legalized
abortion (Lindee 2000). More and more diseases could be diagnosed (and some even treated)
biochemically, leading to the addition of laboratory testing to the clinical consultation. For
example, biochemists developed karyotyping techniques that they could use to identify conditions that resulted from extra or missing chromosomes such as Down's Syndroi:ne and various
sexual anomalies. Clinicians could now use these laboratory services to offer a more refined
diagnosis of genetic disease as well as more "treatment" options, including pregnancy termination and dietary changes. Sometimes they even held out the possibility of future cures.
Geneticists remained the primary advisors, gathering family history information and counseling individuals about particular genetic conditions, but laboratories at academic medical centers
now played an important role as well, confirming or rejecting diagnoses made using family
history information.
As genetic medicine began to expand and gain force, the U.S. government took notice.
Many states developed newborn screening programs for diseases such as phenylketonuria and
sickle cell anemia, and, in the early 1980s, the President's Commission for the Study of Ethical
Problems in Medicine and Biomedical and Behavioral Research (1983) suggested that genetic
medicine be developed with explicit attention to five ethical principles: confidentiality, autonomy, increasing knowledge, respect for well-being, and equity. As it defined these principles,
the President's Commission acknowledged that this new area of medicine would raise regulatory questions; in a country with a private health insurance system, it was likely to be rapidly
commercialized, for example, and would thus require the development of professional and quality standards.
As the President's Commission predicted, genetics did grow rapidly in the 1980s, as
researchers began to find genes and build DNA-based genetic tests for diseases such as sicklecell anemia, cystic fibrosis, and Huntington's disease. Most of these tests, like the karyotyping
and biochemical techniques that had emerged earlier, were built in and prov~ded by research
laboratories at academic medical centers. As tests became available for more and more common
diseases, however, larger diagnostic laboratories across the country began to recognize that
demand for genetic testing services was likely to increase and considerable revenues might be
available for those who provided genetic testing services on a wide scale. Large laboratories at
academic medical centers that already offered a variety of diagnostic tests, including the Mayo
Clinic in Minnesota and Baylor College of Medicine in Houston, began to develop infrastructures to offer DNA analysis services to clinics beyond their institutional walls. Private
companies and stand-alone laboratories began to develop such services as well. Economies of
scale worked to the advantage of these larger laboratories. While most academic medical centers
might be reluctant to build up services to test for each rare genetic condition, such testing
might be lucrative for large clinical laboratories that were able to test samples from all over the
country. These companies also applied for and received patents on these tests and on the genes
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themselves, which allowed them to develop potentially lucrative monopolies. Despite these
changes, users interested in these services still had to access them through genetics specialists
based at academic medical centers.
While the growing availability of these services led to extensive public discussions about the
impact of genetic medicine, very few new policies were devised to deal with this set of technologies. Rather, genetic testing was fitted into existing regulatory frameworks. In 1988, the
Clinical Laboratories Improvement Act (CUA) was amended to cover the analytic validity
(accuracy and reliability) of genetic testing. But this policy did not address genetic testing's clinical complexities. How would doctors and patients interpret the complicated risk information
generated by these tests? Were all of these tests useful, and how should we judge utility? If they
weren't useful in improving health outcomes, then should they still be available?
Over the next decades, multiple advisory committees recommended a comprehensive
approach to govern genetic testing (Committee on Assessing Genetic Risks 1994, Task Force
. on Genetic Testing 1997, McCabe 2000). They developed various standards to assess the clinical utility of the information generated by a genetic test, and suggested that these be used to
develop a regulatory framework. These recommendations, however, have had virtually no
effect. At the dawn of the twenty-first century, as the number of genetic testing services
exploded, only CUA governed this area of technological development. CLIA's advisory
committee developed regulations covering analyte-specific reagents (ASRs), the active ingredients of diagnostic tests, which were increasingly available for sale to laboratories setting up
genetic testing services. Of course, these proposed regulations still only focused attention on
the laboratory aspects of the test. Meanwhile, physicians (sometimes through professional
organizations) continued to oversee themselves and make their own determinations about the
clinical utility of genetic tests and the interpretation of genetic risk information.
By the beginning of the twenty-first century, a large number of genetic tests were available.
Although a mixture of academic and private laboratories offered them, they were almost always
accessed through genetics specialists at academic medical centers. Thus, there seemed to be
considerable informal control over access to these services and the types of services provided.
In particular, with the increasing availability of tests that generated complex risk information,
specialists provided targeted counseling to users and their families. Although the government
had thus far refused to step in, genetics specialists played pivotal roles as gatekeepers and experts
who could shape the meaning and utility of the technology for users in the context of their
family history and circumstances. In this era, the user looked more like a traditional patient,
reliant on help and expertise from the referring physician and the genetics specialist, than a
well-informed and prepared consumer.

Myriad Genetics, Inc.
The picture described above changed dramatically when Myriad Genetics, a publicly-held
biotechnology company based in Salt Lake City, Utah, began to offer genetic testing for breast
aild ovarian cancer in the United States. Although it was not the first commercial provider of
genetic testing, it was the first to offer commercial services for such a widespread disease, to
provide such services through any physician, and to market its technology directly to users.
Myriad built its testing system by constituting the users of genetic testing as virtually autonomous
consumers who could be empowered by simply purchasing DNA analysis, even though the risk
information it generated was rather complex and its clinical utility unclear and controversial.
Formed to capitalize on the genealogical data that had been collected over centuries from
large Mormon families who lived in the state, Myriad invested initially in a large-scale research
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effort to find the BRCA genes, which were thought to be linked to inherited susceptibility to
breast and ovarian cancer. It looked for, and eventually found and developed tests for, other
cancer genes as well, but the BRCA gene investigations were clearly its most important investments; breast cancer was a common disease in much of the developed world, quite visible in
the public consciousness, and caused millions of women considerable anxiety. Thus, a test that
looked for inherited mutations that might cause the disease would have a very large market.
The company's efforts were successful. In 1994, Myriad announced it had mapped and
sequenced the BRCA1 gene and by 1995, the company announced that it had mapped and
sequenced the BRCA2 gene as well. 1 Despite considerable excitement over these breakthroughs, however, the picture that emerged from the gene discoveries was quite unclear.
Mutations in BRCA 1 and 2 were only relevant to a small fraction ofbreast cancers (about 5%),
and an individual with a BRCA mutation seemed only to have an increased risk (rather than
a certainty) of future disease incidence (a risk that ranged widely from 30-85% over a lifetime)
(Easton et al. 1994, 1995, Hartge et al. 1997). This contrasted with most of the genes that had
been discovered at the time, including for cystic fibrosis. and Huntington's disease, which when
mutated demonstrated that an individual had or would get a particular disease. Furthermore,
except for surgery to remove breasts and/or ovaries (which have serious side effects), no
preventive options seemed clearly effective. Despite the complexity of such "susceptibility"
genes, Myriad immediately set about developing a test to search for mutations in the BRCA
genes (BRCA testing). At the same time, it applied for patents on both genes, adopting the
same strategy as many other U.S. gene discovery companies before it. In fact, these patents
proved to be particularly important for Myriad. Once they were granted, the company used
them to shut down all other providers of BRCA testing and become the sole provider of the
technology in the United States (Parthasarathy 2007).
By late 1996, the company had set up BRACAnalysisTM, the first commercial service to test
for inherited mutations in both BRCA genes. It decided to offer prospective users with a
choice of four laboratory tests. Those curious about their BRCA mutation status but with no
known BRCA mutation in the family may have been interested in the company's
"Comprehensive Analysis" which offered DNA sequencing of both BRCA genes - a technique, it noted, which was considered the '"gold standard' of genetic testing because it identifies
mutations that cannot be found by any other method" (Myriad Genetics, Inc. 1996). This test
cost approximately $3000.
For a user who already knew that a particular disease-causing mutation was present in her
family, a "Single Site," mutation-specific, analysis was available. This test was considerably
cheaper than the comprehensive analysis, costing about $250. For approximately $450, users of
Ashkenazi Jewish descent could take advantage of the company's "Multisite" analysis, which
searched for three mutations known to be common among the Ashkenazim. Finally, the
company offered Rapid BRACAnalysis™, a full-sequence analysis of both BRCA genes that
would be done quickly, in approximately two weeks. The company targeted this analysis to
users who had recently learned of a breast or ovarian cancer diagnosis, suggesting that additional information about their BRCA gene status could help them make decisions about what
kind of treatment avenue to take (for example, whether to remove a malignant tumor through
lumpectomy or to have a complete mastectomy of both breasts).
Although it expended considerable effort in developing its extensive menu of laboratory
tests, the company did not pay the same kind of attention to the clinical dimensions of its testing system. Many scientific and medical organizations, patient advocacy groups, and
government advisory committees had recommended that genetic tests in general, and in
particular complicated genetic analyses such as those for the BRCA genes, should only be
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available to a limited group of people with significant family histories of breast and/ ovarian
cancer and also integrated with specialized counseling by trained professionals such as medical
geneticists or genetic counselors. In other words, they advocated embedding BRCA testing
into the existing system that provided access through genetics clinics at academic medical
centers. But the company argued that it, like many of the other private diagnostic laboratories that offered tests for conditions such as high cholesterol and pregnancy, was simply
responsible for the conduct of its laboratory (for example, whether or not the chemicals and
machines used to conduct the analysis were working properly). It refused to involve itself
either in who used its laboratory analyses or the type of counseling that was provided. A
company official noted, for example, how difficult it would be to assure the quality of genetic
counseling:
You know, are we going to have to have people pass some sort of exam? How are we going
to ensure the quality of genetic counseling? ... And I can tell you, there were many, many
_discussions about, let's just hire a bunch of genetic counselors and provide genetic counseling. Sort of the way, sort of the way that Genzyme [another genomics company] does
it. And we did think about that very closely as well, and didn't feel that that was meeting
the goals of where we wanted to go in the laboratory.
Myriad Genetics Counselor, 2000
In sum, the central component of Myriad's testing system architecture was the DNA analysis.
Any physician could provide access to the test, and the company encouraged users to visit
another physician if the first would not provide access. The average primary care physician, of
course, would not be able to provide specialized counseling that might help users understand
how to interpret gene mutation status such as insight into how a specific mutation caused
disease in a particular family and how to use the gene mutation information to influence
healthcare or lifestyle choices. Thus, Myriad built a system that ensured broad access but did
not include specialized genetics counseling as a necessary part of the system's architecture.
Requiring the involvement of genetics specialists would have made them gatekeepers and
limited access, since they are traditionally linked to academic medical centers and there are far
fewer of them than other specialists such as oncologists or surgeons.
In developing this architecture, the company thus determined that the expertise of the genetics specialist was less important than access to the DNA analysis. It characterized its DNA
analysis as just like any other consumer product that did not require users to access it through
a credentialed expert. In fact, the corn.parry argued, limiting access would restrict the test's
"empowerment" potential. Myriad also privileged access, and the empowerment potential of
the test, over the expertise of the science policy advisor: as discussed earlier, Myriad's DNA
analysis had received only limited government oversight. Thus, it might be more fruitfully
compared to a toothbrush or toothpaste than a home pregnancy test kit that has undergone
extensive Food and Drug Administration (FDA) review.
Meanwhile, although the company was reluctant to influence how users gained access to and
were counseled about the test, it encouraged demand by marketing the test directly to the
public. The company produced brochures and videos that served dual purposes of promotion
and education, while using traditional advertising routes as well. In the late 1990s, it began with
advertisements in locations as diverse as The New Yi.Jrk Times magazine, USAirways Magazil1e, and
a Broadway playbill (Myriad Genetics Laboratories 1999, Myriad Genetics Laboratories 2000).
By September 2002, it had launched an ambitious radio, television, and print marketing
campaign in popular magazines such as Better Homes & Gardens and People and during
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television shows such as "Oprah," the "Today Show," "ER;' and the series premiere of"CSI:
Miami" (Myriad Genetics, Inc. 2002b, Myriad Genetics, Inc. 2002c).
The company's advertisements and educational materials focused on how its DNA analysis
technology could empower its users. Echoing the language of the women's health movement
of the 1970s, an educational video produced by Myriad showcased a woman who stated
"Knowledge is Power," when describing how the company's BRCA testing service had influenced her life (Myriad Genetics, Inc. 1999). The company also expressed similar sentiments in
educational brochures that were available to potential users through physicians or directly from
the company upon request. One such brochure stated, "Given a choice, would you rather deal
with the known or the unknown?" while the back of the brochure offered "Answers" (Myriad
Genetics Inc. 2000). Advertisements reiterated this connection between genetic mutation
information and empowerment. The New York Times magazine advertisement, for example,
showed a woman boldly staring straight at the camera with her arms crossed, declaring, "I did
something today to guard against cancer" (Myriad Genetics Inc. 1999). The 2002 media
campaign emboldened women to both "choose to do something now" and "be ready against
cancer now" (Myriad Genetics Inc. 2002a, Myriad Genetics Inc. 2002b, Myriad Genetics Inc.
2002c). In a sustained and comprehensive strategy, and in multiple venues, the company relayed
the same clear message: by taking the accurate and informative genetic test women would be
empowered to take charge in the delivery of their own healthcare.
At first glance, the user envisioned by Myriad through both the architecture of its testing
system and marketing strategy seems to fit the description of the "somatic individual" articulated by Rose and his colleagues, an engaged and active consumer. She can demand access to
the test, and use the risk information generated to make decisions about her life, her health care,
and her future. But upon further consideration, the picture becomes far more complicated. The
user is a consumer whose power to take advantage of her BRCA risk information is
constrained by both the company and the design of its testing system. First, although Myriad
offered users the opportunity to "choose to do something now," the choice is by no means
unlimited. When it used its patent position to shut down all other testing providers, a totally
unsurprising move for a for-profit provider, Myriad limited the prospective user's choices. She
would only be able to choose among the options offered by Myriad. In this way, the genomics
company took on an authoritative, expert role. In addition, access to Myriad's laboratory analyses was constrained by cost; not only were they expensive, but most users paid for them
themselves because they were reluctant to tell their insurers and employers about their genetic
status. 2 Second, Myriad's stand-alone laboratory technology offered a specific kind of empowerment. Its technology, DNA analysis of the BRCA genes, focused attention on the
empowering potential of genetic mutation information alone. Rather than suggesting that users
would be empowered through a combination of DNA analysis and specialized counseling,
which would provide users not only with mutation information but also insight into the meaning of her family history for her disease risk, the benefits and risks of testing, and the prevention
options available, it suggested that simply knowing one's mutations status would help users
make better decisions. Finally, while Myriad suggested that information about BRCA mutation status would allow the user to make better choices about her life, it also placed the burden
of these decisions squarely upon her shoulders. Users were expected to navigate through the
murky world of risk statistics and treatment options without advice from a specialist in genetics or cancer. Consequently, she would ultimately be accountable for the decisions that she
made. Healthcare professionals were facilitators, providing access to the technology, while the
user was envisioned as a rational actor who was fully prepared and capable of assessing the
options at her disposal.
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23andMe
Ten years after Myriad began offering BRACAnalysis™, biotechnology investment analyst Anne
Wojcicki founded 23andMe in Mountain View, California. Located in S~con.Valley, the ~om~any
seeks to bring computing power together with the promise of genonuc sc1en~e and IS ~i~e~
explicitly by values of empowerment and democratic engagement. It is no surp_nse that.Wojcicki
has married to one of Google's founders, as 23andMe's philosophy - not unlike the ideas that
drove the creation of the internet (Turner 2006) - suggests that increased access to knowledge
provides the path to democratic liberation. Of course, 23andMe also adopts a similar approach to
Myriad, announcing "Knowledge is Power" when the potential user arrives at the webpage
through which she can order its test. "23andMe empowers you to better manage your health and
wellness," it notes further, through access to more than 200 personalized test reports, "easy access"
to your genetic information, and "the largest genealogical DNA database in the world" (23andMe
2013a).The company underscoi;es this approach when describing its "core values," which include:
. "that having the means to access one's genetic information is good";"that people's similarities are
just as important as their differences"; and that everyone shotild have "the opportunity to
contribute to improving human understanding" (23andMe, 2013b).
While Myriad's test finds known deleterious mutations in two genes, 23andMe's service
provides users with risk informatior~ ~ased on tests for genetic varian_ts linked_ to .:'n~ore than
200 diseases, traits, and health cond1t10ns and we regularly add new mformat10n (-3andMe
2013c). This "new information" is based on research conducted by genetics researchers around
the world, but also by 23andMe. When users sign up for its service, they are asked to answer
surveys about their personal and family histories and circumstances. This data, combined with
the information gathered from DNA analysis, allows the company to conduct its own research.
Although Myriad has also built a proprietary database with which it can conduct its .own in:estigations (and presumably offer unique insights, thereby increasing the value of its servic~s,
without patent protection), 23andMe's databases are more comprehensive and are central t~ Its
business model. The user is thus, simultaneously, a consumer, a research subject, and a patient,
and her opportunity for self-actualization depends both on the services that 23andMe currently
offers and on the findings that the company generates in the future. While 23andMe markets
its research as benefitting its customers, it does not, understandably, emphasize how the user's
multiple identities might conflict or shape her empowerment (for example, how the data it
.
gathers might be used in ways that the consumer/research subjects may not li~e).
This approach goes far beyond rhetoric. Like Myriad, 23andMe embeds its values m the
sociotechnical architecture of its testing system in a variety of ways. As it does this, empowerment takes on a particular meaning. It is quite simple and cheap to access 23andMe's test, with
a relatively low cost ($99), and can be ordered with a few clicks on the_com~any:s website _and
the input of one's basic information. After the user orders the test, a kit arnves m the ma~. It
contains instructions, a vial to store a saliva sample, consent forms that cover both the testmg
process and the use of the genetic information for research purposes, and pre-paid shipping
labels. Once the user sends the consent forms and saliva samples back to 23andMe, she must
wait anywhere from four to eight weeks for her results. In making the test directly available to
the user, the company foregoes both a gatekeeping and an expert role for the healthca.re pro~es
sional. While the company does have genetics experts on its staff, it does not offer their services
to users as they decide whether to take the test or after they receive the results. Like Myriad's
system, this architecture envisions the test as similar to a regular consumer product. ~ut
23andMe's system is even cheaper and easier to access than Myriad's test. It does not ~eqmre
that the user visit a physician, and instead facilitates direct access to the DNA analysis. The
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company envisions the user as autonomous, capable of deciding whether and how to use it on
her own. Meanwhile, as described earlier, unlike over-the-counter drugs or home pregnancy
tests, 23andMe's test is subject to very little government oversight.
Once the user's saliva sample arrives at 23andMe's laboratory, the company conducts its
DNA analysis. While it tests for some variants that are linked to significantly increased risk of
disease, many of its tests are based on single nucleotide polymorphisms (SNPs) associated with
only mildly increased risk of getting the disease (3-5%; some SNPs seem to have no effect at
all). This contrasts with BRCA and other susceptibility ·genes, which put those who have mutations at high risk of contracting the disease. However, using genome-wide association studies,
scientists have connected particular SNPs with the increased likelihood that a person has a
particular trait or is at mildly increased risk for a particular condition. As mentioned above,
23andMe is also conducting this kind of research. In other words, the company provides users
with risk information based on multiple genetic variants, and each confers a different level of
risk. Although 23andMe does provide some information about the nature of each of these risks,
this information is quite limited and likely difficult for the average user to understand - particularly because it provides aggregate, rather than individual-level, risk.
23andMe adds a SNP to its testing platform as soon as researchers have established its association \Vith a particular trait or health condition. This allows the company to offer users results
from a large number of tests, but the utility of these tests may be limited. For example, 23andMe
tests for two genetic variants related to schizophrenia, each based on a single study. Meanwhile,
competing SNP testing company Navigenics does not offer these tests because, "recent research
into the genetic risk markers for this mental illness has yielded inconsistent results." 23andMe
deals with the variable quality of the research that supports its analyses and the lack of replicated results by generating two kinds of research reports for users: "Established Research
Reports" and a "Preliminary Research Result."
"Established Research Reports" are based on "genetic associations supported by multiple,
large, peer-reviewed studies" and "widely regarded as reliable" (23andMe, Inc 2013d). Therefore,
the company can provide some quantitative estimates and explanations of their meaning. For
example, in addition to describing the disease itself, 23andMe's Established Research Result for
Celiac Disease calculates the probability that someone with the user's genotype will get the disease
and compares the user's probability to the average probability across all men with the same genotype and within the same age range (23andMe, Inc. 2013~. This result also calculates the
importance of genetic susceptibility for Celiac disease (in comparison to environmental factors).
For most of the variants it analyzes, 23andMe generates only a "Preliminary Research
Result." In these cases, scientists have conducted "peer-reviewed, published research," but they
have not replicated the results in other studies (23andMe, Inc 2013d). In many cases (like schizophrenia) the test is based on a single study, and occasionally, there is "contradictory evidence"
of the importance of a particular genetic variant. The Preliminary Research Result for
Schizophrenia provides a very short description of the disease and the two studies on which
23andMe's test is based (23andMe, Inc 2013e). It describes the user's two relevant genetic variants and then compares them to the findings of the two studies. So, in the sample report
available online, the user has a CT variant at one location on the genome, which one study has
found is associated with "slightly higher odds" for schizophrenia. The report also says that the
study was conducted among - and is therefore likely to be most useful to - "Asians," but it does
not define who might be included this category.:i It does not, furthermore, provide information about the importance of genetic versus environmental risk (presumably because
researchers do not yet know). 23andMe has tested for these particular variants since at least
2009 even though no scientists have replicated either of these studies. In sum, the company
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values making the results available to users over ensuring that the results are reliable or useful.
The presumption is that the user can assess reliability and utility in the context of her own life
better than the company or a healthcare professional can. In other words, 23andMe views
empowerment in terms of potential, based on a user's ability to interpret its results. In addition,
of course, by continuing to analyze these variants and collecting survey data from users,
23andMe may be able to replicate these results itself sometime in the future.
After 23andMe completes its analyses, it invites users (via email) to review the results online.
When users log in, they see an overview of their genetic risk and carrier status for all of the conditions analyzed. The risk results compare the user's risk to "average risk," in percentage terms.
Information on carrier status simply states whether the relevant variant is present or absent. Users
can click through to generate either the "Established" or "Preliminary" Research Report. The
overview page does not address the relevance of genetic makeup for a particular disease; for example, while it may report that a user has a 30% risk of contracting coronary heart disease, the user
· must access the Established Research Report to discover that only 39-56% of all coronary heart
disease is attributable to genetics. As stated above, if only a Preliminary Research Report is available then the company does not provide any information about how to evaluate the genetic
information it has generated. This approach assumes that the user will interpret both the genetic
risk probabilities and the relative importance of genetic versus environmental information in ways
that are the most useful to her, and that she does not need assistance from a healthcare professional.
Even after test results have been conveyed, 23andMe reinforces its approach to user expertise and empowerment through its social networking site, 23andWe. Rather than providing
opportunities to chat with genetics specialists, the site facilitates connections and conversation
among users. Users share their knowledge and experiences with 23andMe's system, and with
healthcare more broadly, and teach one another how to interpret risk information and respond
to test results. In 2012, the company eri1phasized this approach by acquiring CureTogether, a
crowd-sourcing platform that encourages users to communicate with one another to compare
symptoms and treatments to increase knowledge of the disease. In sum, 23andWe has replaced
the healthcare professional and science policy advisor. Through the site, the user's anonymous
peers provide expertise on how to understand genetic risk information and what to do about
it. Together, with 23andMe's assistance, they are taking back the power to interpret information
about their bodies. But each peer's individual circumstances and experience shapes her expertise, and 23andMe - and its users - must assume that in the aggregate, these experiences provide
better information than a traditional expert who has the benefit of standardized and systematically analyzed data but lacks the insights that come from experiential understanding. The
problem, of course, is that users must rely on other users' understanding of complicated risk
information and knowledge of genetic science and terminology. They must also weigh the relative merits and drawbacks of other users' experiences for their own lives. On the one hand, this
kind of crowd-sourcing can provide users with information that traditional experts are unlikely
to provide about how to incorporate genetic risk information into everyday life. But on the
other, it exposes users to the self-reported experiences of a self-selected and interested group
of strangers without much information from an outside, disinterested perspective.
It is important to note that this will help 23andMe as well, by providing the company with
additional information to refine the meaning of its test results; in 2012 the company also
announced that it had received its first patent on variants associated with Parkinson's disease,
based on its DNA analysis and survey data information. Although the company has yet to
exercise its patent rights, it is possible that it will adopt a similar strategy to Myriad and prevent
other providers from offering genetic tests. If it does this, it will reinforce its own expert and
gatekeeping role and continue to diminish the role of the healthcare professional.
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Conclusion
Genetic testing is often seen, understandably, as the quintessential technology of empowerment.
It generates information that patients can use to make decisions about their healthcare and lives.

The empowerment promised by these technologies is particularly popular in an era when citizens are eager to participate more directly in decisions about science, technology, and medicine,
and when scholars from a variety of disciplines are encouraging the democratization of healthcare decision-making.
The initial provision of DNA analysis in conjunction with counseling in the United States,
made available through specialists at academic i11edical centers, limited access to genetic testing
and restricted the power of the individual to interpret the test results in the context of her own
life. Medical professionals played an active role in shaping access to the testing system and the
interpretation of results. The user resembled a traditional patient. But as the genom.ics industry
grew, companies expanded their markets by transforming the user from a patient into a
consumer and, today, into a research subject as well. Taking advantage of a regulatory vacuum
and offering DNA analysis outside the context of specialized counseling, both Myriad and
23andMc have managed to increase access to their tests and offer users more interpretive opportunity while diminishing the traditional role and expertise of the healthcare professional and
the science policy advisor. But this opportunity is shaped and constrained by the testing
providers and the system's sociotechnical architectures. The generalist physician who helps a
Myriad user access the test may have some insights about the user's family background and
current circumstances, but she probably does not have the conceptual tools to interpret
complex genetic risk information. Access to BRCA risk information without the expertise of
a genetics specialist could actually undermine the power of the patient because it could lead to
less informed medical and life decisions. Meanwhile, the 23andWe community offers users the
benefits of both varied and collective experience (in a format that is likely more accessible than
dry scientific explanation), but these experiences are self-selected and self-reported and lack the
benefits of systematic and comprehensive analysis. In this system, the user's potential for
empowerment depends on her own ability to understand test results and the quality of the
information provided by 23andWe. In this system, there is even more potential for disempowerment because users could make health and life decisions based on test results that have not
been validated by replicated scientific study. Finally, efforts by both systems to collect user data,
while sold as improving future services and therefore increasing empowerment potential, may
not be in users' best interests.
Novas and Rose's analysis of genetic technology and the production of the "somatic individual" assumes substantial similarities across testing systems. But my analysis suggests that there
are important differences in sociotechnical architectures, even between two companies that
have dissolved the traditional link between DNA analysis and specialized counseling. A physician must still authorize access to Myriad's BRACAnalysis™ (although the company's
marketing materials encourage her to demand access and switch physicians if necessary), while
23andMe's user can simply order its testing portfolio online, and the cost is much, much lower
than Myriad's, which is likely to produce more consumer demand. The apparatus that shapes
the DNA analyses ~hemselves also differs. Although each company authorizes how the DNA
is analyzed, the importance of the BRCA genes in causing breast and ovarian cancer has been
validated by multiple independent scientific studies (users suffered, however, when Myriad's
method of DNA analysis initially missed some disease-causing mutations and the company
refused to change its test accordingly). 23andMe, by contrast, authorizes DNA analysis based on
a single, un-replicated study, arguing that this increases interpretive power to consumers. It also
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encourages users to share their experiences and expertise in order to crowd-source the
interpretation of genetic knowledge and prevention and treatment options.
These differences have important implications for users, including their empowerment
potential. Myriad maintains a minor gatekeeping role for a physician, whereas 23andMe almost
completely eliminates this role except for vague suggestions to discuss results with a doctor.
Because Myriad's test is far more expensive unless an insurance company (which usually
imposes some access restrictions based on family history) reimburses the user, the rights and
responsibilities of the consumer are still somewhat restricted. In many respects, 23andMe's
system produces a more traditional consumer, with unfettered rights to access the test at a relatively low cost and to interpret the results. But she is also specially burdened, as she must deal
with the test results not only without the involvement of a healthcare professional but also
without the often invisible infrastructure of scientific advice and regulation. 23andMe trusts this
burdened consumer to understand - with the help of like-minded users - the results of indi. vidual scientific studies in the context of her own lite. As we look into the design of each of
these testing systems, the costs of somatic individua.,ism come into focus. Although users of both
Myriad and 23andMe's testing systems now have access to genetic risk information that may
help them make better decisions about their lives, they must also bear different levels of burden
in interpreting this information. Since this burden is embedded in the systei'n's design, they may
not be aware that they are now expected to do the advisory and interpretive work left previously to both independent and government specialists. If the user does not understand the
knowledge to which she now has access, is it really empowering? In-depth analysis of a testing
system's architecture can also reveal the meaning and consequences of the DNA ancestry testing systems that Kim Tallbear analyzes in Chapter 1. As Tallbear notes, scientific studies that
guide these kinds of DNA analysis are often quite limited and based on erroneous understandings ~f race, ethnicity, and population. But as these tests become more popular, they are
likely to re-inscribe particular definitions of those categories to negative effect.
The design and growing popularity of this next generation of genetic testing systems also
raise important questions for scholars and advocates who encourage greater lay involvement in
healthcare decision making. As the systems discussed here provide users with undigested risk
information and validate their experiential expertise in the interpretation of test results, they
also diminish the roles of both scientists and healthcare professionals who can understand and
interpret scientific studies. In other words, the move toward the supposedly empowered healthcare consumer seems to be disempowering not only individual healthcare professionals but also
the advisory and policy apparatus associated with them. Is there no place for aggregate understanding, and interpretive insights, that specialists provide? If there is a place, how should it be
balanced with the experiential expertise of average users? To what extent should the user be
burdened with the responsibility of understanding and interpreting a genetic test's results? Will
the move toward somatic individualism have ripple effects for policymakers, making it increasingly difficult to make policy decisions regarding research priorities or unsafe food and drugs?
Will it delegitimize regulatory institutions like the FDA?
While it is easy to assume that genetic tests do not need to be tightly regulated because they are
relatively straightforward, non-invasive technologies that simply produce information to facilitate
decision making, we have seen that the reality is much more complex. The way a technology is
built shapes the type of information that is produced, how this information is accessed, and thus,
how an individual can use genetic information to enhance her healthcare or life. The lack of regulation in this arena has led not only to technological variation, but also to variation in the
interpretive burden that users must bear.This can have serious negative consequences for individual users in terms of the utility of genetic risk information, and for society, as DNA seems to
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validate particular disease definitions and social categories.There is an opportunity for policymakers to intervene, however; the FDA routinely makes decisions about how drugs should be made
available, to whom, and under what conditions, and has already acknowledged its regulatory
authority over genetic testing.The knowledge that genetic testing produces is not, as I have shown,
automatically empowering. If we want it to maximize this potential, the government must step in.
Postscript: In June 2013, the US Supreme Court invalidated patents on isolated human,
including the BRCA, genes. But Myriad is likely to maintain its monopoly on BRCA gene
testing, at least in the short term, because of pending litigation, and its mutation database. In
late 2013, 23andMe suspended its health-related tests temporarily, in response to an FDA letter
questioning whether they were analytically valid and based on compelling scientific evidence.
If the company is forced to alter the suite of tests it offers, this could redefine its approach to
empowerment. But, if it simply tones down its rhetoric, the efi:ects are likely to be negligible
because the user's power is embedded in the service's sociotechnical architecture.

Notes
There is dispute over priority of the BRCA2 gene discovery. Robert Dalpe, Louise Bouchard,AnneJulie Houle, and Louis Bedard. 2003. "Watching the Race to Find the Breast Cancer Genes." Science.
Tec/11wlv.~y, and Hi11111m Vctl11es. 28: 187-216.
2 This situation has changed somewhat, since the passage of the Genetic Information NonDiscrimination Act in 2008. GINA, as it is called, prohibits employers and health and life insurers from
discriminating on the basis of genetic information (broadly defined). Today, more insurers pay for
BRACAnalysisTM, but they often have rules about the family history an individual must have to take
the test (so individuals will pay for the technology themselves in order to gain access).
3 As both STS scholars and geneticists have argued, and Kimberly TalIBear discusses in detail in this
volume, race cannot and should not be understood as a biological category. Therefore, its utility in
understanding genetic test results is unclear. See, for example, W1iloo, Keith, Alondra Nelson, and
Catherine Lee, eds. 2012. Genetics and the Unsettled Past: Tlie Collision c?f DNA, Race, and History.
Rutgers, NJ: Rutgers University Press.
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