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CONSUMING DIRECT-TO-CONSUMER GENETIC TESTS: THE ROLE OF GENETIC

LITERACY AND KNOWLEDGE CALIBRATION

Abstract

As direct-to-consumer (DTC) marketing of medical genetic tests grows in popularity,
there is an increasing need to better understand the ethical and public policy implications of such
products. The complexity of genetic tests raises serious concerns about whether consumers
possess the knowledge to make sound decisions about their use. This research examines the
effects of educational intervention and feedback on consumers’ genetic literacy and calibration—
the gap between consumers’ actual knowledge and how much they think they know. We found
that consumer genetic knowledge was low and that people tended to underestimate their
knowledge level. Furthermore, consumers’ perceived rather than actual knowledge levels drove
attitude and purchase intention. Concerning the effect of educational intervention, exposure to an
online educational module improved both genetic knowledge and calibration. Offering instant
feedback resulted in higher knowledge gain than delayed feedback. The worst learning outcome
was found when feedback was both delayed and brief. Based on our findings, we offer

recommendations for formulating ethically sound public policies in this area.

Key Words: genetic literacy, knowledge calibration, genetics education, direct-to-consumer

marketing, marketing ethics



CONSUMING DIRECT-TO-CONSUMER GENETIC TESTS: THE ROLE OF GENETIC

LITERACY AND KNOWLEDGE CALIBRATION

Introduction

Direct-to-consumer (DTC) marketing of genetic tests continues to expand, as an
increasing number of companies enter the marketplace hoping to profit from the sale of genetic
testing services'. Currently, at-home genetic tests reportedly represent $80 million in total
revenue, with close to 20 companies competing in the field (Terry 2008). Two recent
newsworthy events highlight the growing interest in such genetic tests. In the first case,
Walgreen's had planned to sell an over-the-counter genetic test for certain genetic diseases and
sensitivity to some substances (e.g., caffeine, medications). The company decided against it for
the time being only after receiving a letter from the FDA questioning the legality of the practice
(Stein 2010). In the second case, University of California at Berkeley announced a plan to offer
genetic testing to all 5,500 incoming freshmen in fall 2010 (Colliver 2010). This experiment was
designed to “capture [students’] imaginations” and promote “deeper learning" (UC Berkley
2010). Both events point to the potential expansion of DTC genetic test use.

Awareness of the probable social and ethical implications of DTC marketing of genetic
tests is imperative given the expanding prevalence of the practice. While concerns about
marketing health-related products are not new, combining the complexity of medical genetics
with DTC marketing raises additional concerns about people’s ability to make knowledgeable
decisions. Even when consumers receive tests from other sources (e.g., as a gift), concerns about
their lack of knowledge remain. Although genetics, which focuses on individual genes, is in

some cases relatively straightforward (e.g., single-gene traits or maladies), laypersons’



understanding of genetics remains limited. Once we move beyond genetics to genomics, which
refers to an organism’s entire set of genes and their interaction with the environment, a clear
grasp of the field eludes a wider audience. As Christensen et al. (2010) explain, we are faced not
only with an information deficit but pervasive, significant misconceptions about genetic science.
This raises questions about whether informed consent requirements can be met, and whether
DTC marketing might encourage inappropriate use of genetic tests and promote a misuse of
health care resources (McGuire et al. 2009). Furthermore, in contrast to traditional use of genetic
tests for diagnostic purposes, individuals are now motivated by other factors to undergo genetic
tests. For example, some undergo genetic tests merely out of curiosity rather than because they
have a family history of a particular disease.

To date, much of the literature on genetic testing has focused on company and
government practices (Berg and Fryer-Edwards 2008; Liu and Pearson 2008; William-Jones and
Ozdemir 2008; Williams-Jones 2003). There is little data about how consumers actually respond
to DTC marketing of genetic tests or what factors affect their purchase decisions. One exception
is a recent study by McGuire et al. (2009), which examined how social networkers responded to
DTC genetic tests. They found a fairly high level of interest among their respondents, with 64%
reporting that they would consider using such tests and another 6% who had already used such
tests. Within the context of the genetic testing experiment at Berkeley, Gross (2010) found most
students she interviewed to be enthusiastic about using DTC genetic tests. One incoming
freshman expressed his preference for a “free DNA test over a book any day,” because he
viewed a test as being “more modern and relevant” (Gross 2010). However, reactions in the
public commentary have been mixed. Some doubt the ethical soundness of such an experiment

while others commend it.



The creation of ethically sound public policy in this area requires more research to assess
consumers’ readiness to process information within the context of DTC marketing of genetic
tests. Among other things, it is necessary to examine consumers’ genetic literacy, the impact of
marketing tactics on their decisions, and their ability to comprehend and use test results in
making health-related decisions. One study that is currently addressing the latter is the Scripps
Genomic Health Initiative, a longitudinal study of the psychological and behavioral effects of
using DTC tests (Bloss, Schork, and Topol 2011). Supplementing this initiative, our research
focuses on the decision making context prior to undergoing such tests. More specifically, we
examine actual versus perceived genetic literacy of consumers likely to be exposed to DTC
marketing of genetic tests. Alongside this, we examine the influence of certain educational
interventions on genetic literacy and the gap between objective and subjective assessments of
genetic knowledge.

Our decision to focus on genetic literacy and the gap between objective and perceived
knowledge stems from the complexity of genetic science and its likely impediment to informed
decision making about genetic testing. Marketing information-intensive products like genetic
tests requires sensitivity to consumers’ information seeking and integration processes. A deeper
understanding of consumers’ literacy and knowledge calibration will therefore help better gauge
the likely impact of DTC marketing of genetic tests and guide public policy in this area.
Literature on consumer literacy deficits in other areas, such as nutrition and finance, has
examined consumer knowledge and self-efficacy separately. But it has not linked knowledge and
self-efficacy to examine the gap between the two as we explore in our research. We argue that, in

order to fully understand consumers’ knowledge state, it is necessary to determine not only



knowledge and self-efficacy but also the relationship between the two as captured by knowledge

calibration.

Genetic Literacy and Knowledge Calibration

We now turn to an examination of genetic literacy and knowledge calibration in the
context of DTC marketing of genetic tests. We first review the current state of genetic literacy as
revealed by previous research. Then drawing from the consumer psychology literature, we
formally define knowledge calibration and point out the consequences of inaccurate knowledge
calibration. As our discussion will make clear, a gap between people’s actual and perceived
knowledge can impact their decision making in various ways. Therefore, acknowledging and
addressing this problem is as critical as tackling the knowledge deficits themselves.

Genetic Literacy — An Uncertain Picture

Genetic literacy refers to an individual’s basic knowledge about genetic science. It
encompasses key genetic concepts such as gene expression, transmission, as well as a basic
understanding of the effect of genes on individual health. MclInerny (2002) expresses concern
about the public’s scientific literacy and inability to distinguish science from pseudoscience,
making the deficits in genetic literacy unsurprising. After all, genetics is a complex science, and
the value of a gene often depends on a myriad other characteristics of the organism and its
environment. As Condit (2010) shows, people’s understanding of heredity does not translate to
an understanding of basic genetics. Knowing that genes affect health often exists alongside a
complete failure to understand precisely #ow they do so. This is of particular concern, given
Condit’s (2010) observation that the failure to understand genetics is magnified within the

context of genetic testing. Consequently, ethical questions should be raised about external



influences on consumer decisions, such as the quality of available information and the marketing
tactics used to convey it.

Empirical assessments of the public’s knowledge of genetics and genetic testing are scant
(Christensen et al. 2010) and somewhat mixed. A few studies found relatively high levels of
genetic knowledge within their study populations (Etchegary et al. 2010; Rose et al. 2005). In
contrast, an assessment of genetic knowledge by Bowling et al. (2008b) using the Genetic
Literacy Assessment Instrument (GLAI) revealed a significant deficit among even undergraduate
life sciences students, despite having had some college-level science education with a significant
genetics component. The mean pre-course GLAI score among the students in their study was
43%, and the post-course score was 49%. So, even though their participants’ GLAI scores
increased following the courses, there was significant room for improvement.

In light of their positive findings on genetic literacy, both Etchegary et al. (2010) and
Rose et al. (2005) concede that knowledge deficits persist among their participants. The Rose et
al. (2005) study focused only on a narrow range of genetic knowledge—knowledge of genetic
testing for cancer, while participants in Etchegary et al.’s (2010) study were generally highly
educated and many of them had previous experience with genetic testing. Hence, as implied by
the authors of both studies, doubt remains about whether their conclusions translate to a broader
population. Indeed, a more recent survey by Christensen et al. (2010) and Condit’s (2010)
literature review confirm a widespread failure to understand basic genetics.

Knowledge Calibration

We argue that the failure to accurately understand genetics is only part of the problem.

Another significant component is individuals’ failure to recognize their knowledge deficits. This

is, for instance, highlighted by the difference between laypersons and medical professionals.



Although even physicians can be deficient in their knowledge of genetics (Hofman et al. 1993), a
critical difference exists between medical professionals and laypersons in their awareness of their
own knowledge state. Medical professionals are often aware of their knowledge deficits and have
easier access to more knowledgeable colleagues, whereas laypersons often use genetic terms
without understanding their scientific meaning (Lanie et al. 2004).

This has been referred to as the “illusion of knowing” phenomenon, where people are
overly confident about their knowledge of an area. Park (2001) argues that such individuals are
in danger of being either complacent or dogmatic and tend to be oblivious to their vulnerability
to manipulation. It may prevent individuals from acknowledging the need to improve their
genetic literacy (Lanie et al. 2004). Therefore, attending to knowledge calibration is at least as
important as focusing on consumers’ genetic literacy. This need to examine knowledge
calibration is acknowledged in Hogarth’s (2006) triage model of financial literacy, which argues
that consumers’ understanding of their own limits is a key step toward properly consuming
financial products.

More formally, calibration is defined as the “agreement between objective and subjective
assessments of the validity of information—particularly information used in decision making”
(Alba and Hutchinson 2000, p.123). Alba and Hutchinson (2000) explain that a person is well
calibrated when there is a match between the level of confidence and the degree of accuracy of
her belief. For example, a person who is highly confident that her belief is accurate when in fact
her belief is true is well calibrated. If, however, the person lacks confidence despite possessing a
correct belief or has a high level of confidence even though her belief is erroneous, she is

considered poorly calibrated. Therefore, determining an individual’s knowledge calibration



requires an assessment of the person’s actual knowledge, or lack thereof, and her level of
confidence in the accuracy of her knowledge.

In defining knowledge calibration, it is important to note a related concept: self-efficacy,
which refers to an individual’s perceived ability to carry out tasks in a domain. Applied to
genetic literacy, this construct reflects how much knowledge an individual believes he or she
possesses. Within the broader literature on consumer literacy, self-efficacy has received
increasing attention (Contento, Randell, and Basch 2002), and it has been associated with
people’s choices and personal financial health (Kozup and Hogarth 2008; Wiener and Doescher
2008). However, in this stream of research, self-efficacy and literacy are usually treated
separately. We go one step further and argue that, while knowledge and self-efficacy are
meaningful constructs by themselves, important insights can also be gained by examining the
relationship between the two. Knowledge calibration captures the gap between knowledge and
self-efficacy, and as the following section will show, its consequences are distinct from
knowledge or self-efficacy alone.

Consequences of Knowledge Calibration and Miscalibration

Alba and Hutchinson (2000) argue that there are four ways that calibration can influence
consumers’ decision making. First, calibration can influence the amount of effort devoted to
information search. An overconfident consumer will limit her search for further information.
This is a relevant concern in the context of genetics, because ignorance of one’s knowledge
deficit makes a quest for further information about genetic testing unlikely. Miscalibration in the
direction of underconfidence, by contrast, may lead to over-search for and reliance on external

information. This can be problematic when the quality of information is dubious (Javitt 2007).



Moreover, extensive information search may result in information overload and greater exposure
to persuasive marketing tactics.

Second, one’s confidence in the accuracy of her beliefs also impacts decision making.
Previous research showed that higher subjective assessment of genetic knowledge correlated
with a more positive attitude toward genetic testing (Etchegary et al. 2010; Morren et al. 2007).
These findings point to the potential danger of knowledge miscalibration, where consumers’
decisions may be based on what they think they know about genetics rather than genuine
knowledge.

Third, knowledge calibration may affect consumers’ conflict resolution in the face of
uncertainty. This is particularly relevant in the rapidly changing field of genetics, as reducing
uncertainty and increasing control over one’s health are among the dominant reasons for
undergoing genetic tests (Gooding et al. 2006). Sanderson and Wardle (2008) further point out
that individuals’ expectations of test outcomes affect their decisions whether to undergo genetic
testing. If a person expects that the outcome will be bad — i.e., either the results or their reaction
to the results — they will self-select against taking a genetic test.

One problem, however, is that individuals’ expectations may be affected by
overconfidence or underconfidence in their subjective assessment of their knowledge.
Miscalibration in either direction may remain concealed from the individual, and it may lead to
unnecessary avoidance of genetic tests or an unexpected emotional response to test results.
Combined with the influence from certain emotional appeals in DTC advertising (e.g.,
empowerment, fear, etc.), miscalibration may lead to self-selection that is not optimal for
consumer welfare. For example, an individual’s actual risk of developing a genetic disease may

not closely match her perceived risk; hence, she may opt for a genetic test even though the test
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may be inappropriate for her. Similarly, a person may be confident that she has accurately
grasped the potential harms and benefits of genetic testing, when in reality she has not. As a
result, the person may opt to purchase a DTC genetic test even though she is ill equipped to deal
with the consequences of the decision.

The last consequence of knowledge calibration pointed out by Alba and Hutchinson
(2000) is that the co-presence of overconfidence and underconfidence do not create a neutral
confidence or calibration level. Rather, both overconfidence and underconfidence in specific
areas will play separately into how consumers process information and make decisions.

It is clear from the above discussion that calibration can influence consumers’ decisions
at least as much as would their level of genetic literacy. Given the complexity and rapidly
changing nature of the field, some degree of uncertainty will persist for even the most
knowledgeable consumer. The realistic goal within this realm, therefore, is the management of
uncertainty rather than its elimination (Johnson, Case, and Andrews 2005; Mclnerny 2002). In
order for uncertainty management to occur, however, consumers must be aware of their
uncertainty. Presently, we know little about consumer uncertainty and knowledge calibration in
genetics. This impedes our understanding of how knowledge calibration affects consumer
decisions. Moreover, it limits sound judgment of whether business practices in this area are
ethical and what kind of public policy is likely to promote effective uncertainty management and
consumer welfare.

To address this problem, we present two empirical studies of consumers’ genetic literacy
and knowledge miscalibration. We further relate calibration to consumer demographics,
educational intervention and feedback mechanisms, and consumer purchase intention and

attitude toward DTC genetic tests. Although our samples were limited to college students, the
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Berkeley experiment mentioned earlier points to potentially growing relevance of DTC genetic
tests for this population. Our research represents an important first step toward evaluating the
current state of genetic knowledge calibration as well as the factors that may exaggerate or
reduce miscalibration. In doing so, we shed light on previously concealed ethical issues related to
DTC genetics, thereby raising awareness for policy makers. Our research also provides a
mechanism for assessing genetic knowledge calibration, which may be used in future studies of

calibration and the potential effects of miscalibration on consumer decision making.

Study 1 Research Methodology

Research Design and Sample

To answer our research questions, we conducted an anonymous online survey of 354
college students from a large mid-Atlantic university. These students came from a variety of
majors and participated in the study in exchange for extra course credit. Their age ranged from
18 to 53, with the median age being 21. Close to half of the respondents (46.9%) were males.
Forty-five (12.9%) of these students were in life-sciences related majors, such as biology and
nuclear medicine, while the rest were dispersed in a variety of other majors in business, social
sciences, and humanities. With these college-educated respondents, one may expect a higher
level of genetic literacy than the general population. However, past research on genetic literacy
raises serious doubts about this assumption (Bowling et al. 2008b). We add to the literature by
examining not only what these individuals know but also the gap between what they think they

know and what they actually know.
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The survey started by asking the respondents to rate their domain self-efficacy. This
preceded the objective genetic knowledge test so that their performance on the test would not
contaminate how they evaluate their self-efficacy in the genetics domain in general. Following
the genetic literacy test, the respondents were asked to evaluate their test performance as an
indication of their task-specific self-efficacy. Finally, they completed a few questions capturing
their past training in genetics and their demographic information. The entire survey took about
20-30 minutes.

Measures and Variable Operationalizations
Genetic Literacy

This measure was adapted from the Genetic Literacy Assessment Instrument (GLAI)
developed through a rigorous process by Bowling et al. (2008a). The GLAI covered six content
topics: nature of the genetic material, transmission, gene expression, gene regulation, evolution,
and genetics and society. Each question was presented in a multiple-choice format with five
options. The multiple-choice format is commonly used in previous studies of financial and
nutrition literacy (Burton, Biswas, and Netemeyer 1994; Moorman 1996; Perry 2008), and has
been considered superior to either self-assessment or the true/false question format (Contento,
Randell, and Basch 2002; Walstad, Rebeck, and MacDonald 2010). Of the original 31 GLAI
items, we omitted six that were either largely redundant with the other items or ambiguously
worded?, resulting in a final list of 25 questions (see Appendix for a sample question). The
internal reliability of the instrument exceeded the recommended threshold of .70 (a = .77). The
percentage of questions answered correctly functioned as an indicator of the respondents’ genetic

literacy.

Self-Efficacy
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Following self-efficacy literature that suggests the presence of self-efficacy at different
specificity levels (Bandura 1997), we included in our questionnaire both a general domain self-
efficacy measure and a task-specific self-efficacy measure associated with the GLAI assessment
described above. For domain-level self-efficacy, we used four perceived consumer expertise
measures from Mitchell and Dacin (1996) and adapted the items to the genetics field. These
items (shown in the Appendix) were measured on an 11-point semantic differential scale (o =
.91). For task-specific self-efficacy, we followed previous practice in self-efficacy research and
asked the respondents to estimate the number of questions that they thought they answered
correctly out of the 25 GLAI questions. We then asked them to rate how confident they were that
they actually answered this many questions correctly on a scale from 0 to 10. The first question
pertains to self-efficacy /evel, whereas the second question measures self-efficacy strength
(Bandura 1997).

Knowledge Calibration

Consistent with previous studies on judgment accuracy (Oskamp 1962; Schraw and
Roedel 1994), we took the difference between task self-efficacy level and GLAI score for each
respondent to create a knowledge calibration score. To make task self-efficacy level comparable
to genetic literacy, we first translated it into a percentage figure. For example, estimating that one
answered 10 of the 25 questions correctly translates into 40% for task self-efficacy. We then
calculated the difference between actual percentage of questions answered correctly and the
percentage-based task self-efficacy level. The absolute value of the difference indicates the
extent of miscalibration, while the sign of the difference indicates the direction of miscalibration

(i.e., positive for overconfidence and negative for underconfidence).
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Other Measures

Besides objective and perceived genetic literacy measures, we included a few questions
on past education, consumer attitude, and demographics. For demographics, we asked the
respondents’ age, gender, and their major. With regard to past education, we asked the
respondents whether they had taken an undergraduate-level biology course and an
undergraduate-level genetics course before. We also measured their attitude toward DTC genetic
tests and their intention to purchase a DTC genetic test. Attitude was assessed through the
question “How do you feel about manufacturers selling genetic tests directly to consumers?”,
which was measured on an eight-point scale anchored at very negatively/very positively.
Intention was measured by the question “How likely are you to purchase a genetic test directly
from the manufacturer of such tests?”, and it was also measured on an eight-point scale anchored

at very unlikely/very likely.

Study 1 Results

Genetic Literacy and Knowledge Calibration

Confirming previous studies, our results revealed a low level of genetic literacy. The
respondents’ GLAI score ranged from 4% to 100%, and the average was 43.29%. This is
generally comparable to the scores reported by the original GLAI developers (Bowling et al.
2008a). Males performed marginally lower on the GLAI test than females (M = 41.3% vs. 45%; ¢
=-1.88, p =.06). Age correlated significantly with GLAI score, with older students more literate

than younger students (r = .14, p = .009).
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What we are most interested in, however, is not just how much our respondents know
about genetics, but also how much they think they know compared to what they actually know.
We were surprised by what we found. In contrast to the typical findings of overconfidence in
consumption and other task domains (Alba and Hutchinson 2000), we saw a general tendency
toward underconfidence when it comes to genetic knowledge. When asked how many questions
they thought they answered correctly, the respondents reported an average of 36.92%,
significantly lower than their average actual performance of 43.29% (¢ = 5.63, p <.001). This
underconfidence is further supported by the low domain self-efficacy respondents reported at the
beginning of the survey, before they answered the GLAI questions. The average domain self-
efficacy level was only 3.91 on an 11-point scale. Moreover, only a moderate level of task self-
efficacy strength was reported (M = 5.94 out of 10). It appears that when it comes to the complex
field of genetics, individuals are generally not very confident in their knowledge.

We looked further into knowledge calibration by examining if there was any gender or
age difference. Recall that male students performed marginally worse on the GLAI than female
students. When we examined the knowledge calibration score for each gender group, both
groups showed significant miscalibration. But male students showed somewhat better calibration
than female students, and their estimates were off by 14.73% compared to 18.73% for female
students (¢ =-2.71, p = .007). Examining the direction of the miscalibration suggests that male
students were equally likely to be underconfident as overconfident (M =-1.81%; t=1.19, p =
n.s.). Female students, in contrast, were significantly more likely to be underconfident (M = -
10.12%; t = -6.55, p < .001), even though they performed higher on the actual knowledge test.
Age correlated positively with the extent of miscalibration (» = .12, p = .02), meaning that older

students were more likely to be miscalibrated than younger students. With regard to the direction
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of the miscalibration, older students were more likely to underestimate than younger students (»
=-.17,p=.002).
“Experts” versus Laymen

As life sciences students were likely to have received more extensive education related to
genetics, we consider these students relative “experts” in our sample. Although they only
accounted for 12.9% of our sample, their absolute size of 45 was sufficiently large for us to
compare their performance and calibration with the laymen sample of the other majors.
Consistent with our conjecture of their superior expertise, life sciences students performed
significantly better, although still far from satisfactory, on the GLAI than the other students (M =
53.96% vs. 41.86%; t = 4.21, p < .001). Furthermore, life sciences students perceived themselves
as more capable in the domain of genetics (M = 4.43 vs. 3.84; t =2.05, p = .04). When asked to
estimate specifically how well they did on the GLALI, they reported better performance than non-
life sciences students (M = 47.27% vs. 35.55%; t = 3.46, p = .001), but task self-efficacy strength
did not differ significantly between the two groups.

Past research has produced ambiguous findings with regard to the relationship between
expertise and the accuracy of knowledge calibration (Alba and Hutchinson 2000). For our
sample, although life-sciences students performed better on the GLAI test and generally
perceived themselves as more competent in the genetics domain, they fared no better on
knowledge calibration than the rest of the respondents (M = 18.09% vs. 16.60%; ¢t = .68, p =
n.s.). They also did not differ in the direction of miscalibration and were just as likely to be
underconfident as their non-life sciences counterparts (M = -6.46% vs. -6.14%; t =-.09, p = n.s.).
This lack of better calibration may have stemmed from the fact that, although these life sciences

students received more education in the life sciences field, their learning may have been so
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general that it did not provide sufficient and instantaneous feedback on their genetics-specific
knowledge. According to Alba and Hutchinson (2000), such feedback is often a prerequisite to
improved calibration.

Value of Educational Intervention

Given the complexity of genetic science, it has often been suggested that the public needs
to be better educated to make informed decisions about DTC genetic tests (e.g., Liu and Pearson
2008). To see the potential value of such educational intervention, we examined the respondents’
GLALI score and self-efficacy judgments with respect to relevant education they had received in
the past. Specifically, we asked the respondents whether they had taken a college-level biology
course or a college-level genetics course. Constraining these educational measures to the college
level ensures that the education was received within a recent enough timeframe to benefit the
respondents. Not surprisingly, a majority (82.22%) of the life-sciences students had taken a
biology course before. Due to general education requirements, many (40.46%) of the non-life
sciences students had also taken the course. However, only 13 students from our entire sample
had previously taken a genetics course. Given the overwhelming imbalance, we dropped this
variable and instead focused our analysis on the biology course.

Because of the significantly higher likelihood of taking a biology course for life-sciences
students (° = 27.54, p< .001), we analyzed the effect of the biology class using ANOVA while
including major as a covariate to control for the possibility that other courses life sciences
students had taken within their major may also affect their genetic knowledge and calibration.
Our results indicate that taking a biology course does significantly enhance one’s knowledge in
genetics, with the average GLAI score being 48.9% for those who had taken the course vs.

38.5% for those who had not (F'= 845.72, p <.001). But it is apparent that even with the course,
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the GLAI score was far from satisfactory. Having taken a biology course also increased domain
self-efficacy (M =4.18 vs. 3.68; F = 682.32, p <.001), task self-efficacy level (M = 40.6% vs.
33.8%; F'=441.42, p <.001), and task self-efficacy strength (M = 6.19 vs. 5.72; F=721.15,p <
.001).

Interestingly, students who had taken a biology course actually reported a larger extent of
miscalibration than those who had not (M = 17.6% vs. 16.1%; F'=224.09, p <.001). Examining
the direction of the miscalibration suggests that, on average, those who had taken a biology
course were more likely to feel underconfident than students who had not taken the course before
(M =-8.1% vs. -4.7%; F = 14.72, p < .001). Putting these results together, it appears that, taking
a biology course increased students’ actual knowledge more than their confidence level. It is
possible that the course made them realize the complexity of genetic science and subsequently
their knowledge deficiency in this area.

Consumer Reaction to DTC Genetic Tests

As an auxiliary to our main research question, we also asked respondents how they felt
toward DTC genetic tests and how likely they were to purchase such tests. Attitude toward DTC
genetic tests ranged from 1 to 8, with a fairly low mean of 3.64 (on an 8-point scale). Average
purchase intention was even lower at 2.56. We note that this intention could have been lower for
our sample than for the general population due to students’ relatively low-income and the
perceived high cost of such tests. On average, male students reported a more positive attitude
toward DTC genetic tests than female students (M = 3.89 vs. 3.42; t=2.41, p = .02). They also
had a higher intention to purchase such tests (M = 2.76 vs. 2.39; t =2.11, p = .04). Life sciences

students reported attitude and purchase intention similar to the other majors.
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When looking at the effect of knowledge calibration on attitude and purchase intention,
we did not find a significant relationship between extent of miscalibration and attitude or
purchase intention. However, the direction of miscalibration had a significant impact on purchase
intention, with overconfidence leading to a higher likelihood of purchase than underconfidence
(r=0.15, p =.005). This is consistent with previous findings reported by Etchegary et al. (2010).
Perhaps as some consumers feel overconfident about their genetic knowledge, they are more
likely to overestimate the benefits they can receive from DTC genetic tests and therefore are
more likely to purchase such tests.

To understand the relative impact of actual knowledge and perceived self-efficacy on
purchase intention, we regressed both attitude and purchase intention on the GLAI score and
domain self-efficacy. Task efficacy was not included due to high collinearity with domain self-
efficacy’. Our results suggest that both attitude (8 = .18; t=3.27, p = .001) and purchase
intention (f = .27; t = 5.04, p <.001) were predominantly driven by domain self-efficacy,
whereas actual genetic knowledge did not have a significant impact on either attitude or purchase
intention. This finding is quite alarming, as it points to a danger of purchasing DTC genetic tests
purely out of one’s perceived expertise level even in the absence of sufficient knowledge to
make truly informed decisions.

To see whether the different groups of students based their attitude and purchase
intention on different things, we ran the same regressions separately for life-sciences students
and the rest of the sample. For non-life sciences students, the pattern of results remained similar
to those reported above for the entire sample. However, for life sciences students, a different
pattern of results emerged. While domain self-efficacy also had a significant positive impact on

purchase intention (f = .68; ¢t = 4.78, p < .001), actual genetic knowledge (i.e., GLAI score)
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showed a marginally significant negative effect (6 =-.27; t=-1.91, p =.06). In other words, the
genetic knowledge possessed by these life sciences students acted as a counterbalancing force
that curbed their enthusiasm toward DTC genetic tests, possibly due to their skepticism about the
value of such tests. However, this was not the case for attitude toward DTC genetic tests, which
remained driven only by domain self-efficacy. We also ran the regression separately by gender
and by educational intervention (i.e., biology course), but no significant difference was found

between these groups. We show the results for all these regressions in Table 1.

Insert Table 1 about Here

Study 2

Overview

Study 1 explored how consumer demographics and past education relate to knowledge
calibration, and how genetic literacy and knowledge calibration affect consumers’ attitude and
intention toward genetic tests. For public policy purposes, however, it is desirable to take these
findings further and identify what can be done to increase consumer genetic literacy and at the
same time bridge knowledge calibration gap. Study 1 partially addressed this by considering the
effect of college major and an undergraduate-level biology class, but these are rather crude
measures of educational intervention. The biology class does not focus solely on genetic
knowledge and may have occurred in a relatively distant past. Furthermore, it is unreasonable to
assume that every consumer can feasibly undertake such a multi-week college-level training in

order to adequately deal with genetic test consumption.
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For these reasons, we conducted another study to further investigate the impact of
education and feedback mechanisms on consumers’ genetic knowledge and calibration.
Replicating what most consumers are likely to encounter on the Internet, we created a brief four-
part genetics online educational module (see Figure 1 for a screenshot of part of the module)
excerpted from the Genetics Home Reference Handbook by the National Institute of Health

(http://ghr.nlm.nih.gov/handbook). Our choice of an online delivery format is partially driven by

past consumer literacy research showing that website-based educational materials are very
effective in achieving positive learning outcomes (Silk et al. 2008). The four parts of the
educational module covered the topics of basic genetic concepts, inheritance, genetic mutations,
and genetic tests respectively. While these topics are fairly basic, we believe they represent an
accessible entry point in educating the general public about genetic science and are relatively
easy to implement on a large scale. Our purpose was to understand how the availability of such
an educational module may affect consumers’ genetic literacy and knowledge calibration.
Besides the availability of educational materials, how the education process is designed
can also influence learning outcomes. In this study, we further examine the relative effectiveness
of various feedback mechanisms in conjunction with the educational module. Although feedback
is traditionally an important component of education, recent comprehensive reviews of this field
suggest that the effect of feedback is far from straightforward and thus warrants further
examination (Hattie and Timperley 2007; Shute 2008). Moreover, most studies in this area have
examined the effect of feedback on knowledge acquisition, and little is known about how
feedback affects knowledge calibration. Our study therefore extends this line of research by
investigating the effectiveness of feedback mechanisms on both knowledge acquisition and

calibration. In doing so, we also respond to the call for more experiment-based research to study
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the relative effectiveness of different educational designs in enhancing consumer literacy (Fox,
Bartholomae, and Lee 2005).
Study Design

A total of 181 undergraduate business students participated in the study in exchange for
extra course credit. 64.6% of the participants were females and 35.4% were males. The median
age was 22. The procedure for the study was similar to that of Study 1 except that we inserted the
educational module and feedback section before the GLAI questions. This “intervention”
allowed us to measure the impact of education and feedback as reflected in the respondents’
GLAI performance and task self-efficacy evaluations.

Each participant was randomly assigned to one of six experimental conditions. Four of
these conditions featured a 2 (instant vs. delayed feedback) x 2 (detailed vs. brief feedback)
factorial design. We focused on these two factors because timing and content of feedback have
been shown to affect the effectiveness of feedback (Kluger and DeNisi 1996). In the instant
feedback condition, participants answered three true/false questions immediately after each part
of the educational module and were given feedback on whether they answered the questions
correctly or not. In the delayed feedback condition, participants answered all true/false questions
only after all four parts of the module have been completed. For detailed feedback, participants
were told whether they answered a question correctly and why the statement was right or wrong.
In the brief feedback condition, participants were told only whether their answers were correct
but not why.

The fifth condition asked participants to go through the educational materials, but it did
not ask any true/false feedback questions and did not offer any learning feedback. This allowed

us to examine the general effect of feedback. We also added a sixth condition as the control
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group, in which participants answered the rest of the questionnaire without going through the
educational module at all. In all six conditions, participants first reported their domain self-
efficacy with regard to genetics. Then depending on the experimental condition, participants
either went through the four-part educational module (with or without feedback) and then took
the GLAI assessment or went directly to the GLAI for those in the control group. At the end of
the questionnaire, all participants estimated their performance on the GLAI and then answered
some general family history and demographics questions. The whole study was administered
through the Internet.

Measures

The measures used in Study 2 were exactly the same as the first study except for the
GLALI questions. Instead of the 25-question version of the GLAI we used in Study 1, we further
condensed the GLAI into 16 questions (a = .72)*. This was done for two reasons: (1) the
experiment with the educational module was already long and we did not want to cause fatigue,
which would have affected the quality of responses; (2) because the educational module only
addressed selected topics, we considered it more appropriate to use questions in the GLAI that
are related to these topics. Consequently, we removed eight questions that were not related to the
four topics covered by the educational module.

In the demographics section, we added one question on family health history. The
question asked the participants whether they or someone in their family (siblings, parents, and
grandparents) ever had one of eleven health conditions such as heart disease, cancer, diabetes,
and genetic disease. Because genetic disease represents a broader set of conditions that the
participants may or may not be aware of, we offered several well-known examples (e.g., Cystic

Fibrosis and Sickle-Cell Disease) along with that option to help clarify its scope. The total
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number of health conditions selected by a participant was used to gauge his/her family health
history, which could affect the participant’s vulnerability to hereditary conditions and
subsequently their interest in genetic tests. The number of health conditions selected ranged
between 0 and 9, and the median was 3.

Results

Impact of Education

Figure 2(a)-(b) shows the GLAI performance and knowledge calibration gap for the six
experimental conditions. To examine the general impact of the educational materials on genetic
knowledge, we conducted an ANOV A with the percentage of correct GLAI answers as the
dependent variable, and the presence/absence of educational module as the independent
variables. To control for the idiosyncrasies that may arise from family history, we included it as a
covariate. Results showed that participants who were exposed to the educational module
answered a significantly higher portion of the GLAI questions correctly than those who did not
receive the educational module (M = 57.4% vs. 46.9%; F =319.90, p = .005). Although the
performance was fairly low even with the educational module, the module did improve
performance by over 10%, which is quite impressive given the brevity of the module. Family
history did not have a significant effect on GLAI performance”.

From the above results, it appears that education can increase genetic knowledge.
However, for knowledge calibration, the key question is whether the increase in knowledge
outpaces or falls behind increase in consumers’ confidence levels. To answer this question, as in
study 1, we calculated the calibration score as the absolute difference between actual and
participant-estimated GLAI performance and used it as the dependent variable in the ANOVA.

Results showed that the presence of educational materials significantly decreased knowledge
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miscalibration, with participants in the education condition reporting a significantly lower
miscalibration than those in the no-education condition (M = 14.9% vs. 16.2%; F =28.8, p <
.001).

Looking further at the direction of the miscalibration, our results suggest that having been
exposed to the educational module corrected the prevalent under-confidence toward a more
neutral and slightly positive position (M = -7.1% vs. 2.5%; F = 4.28, p = .015). Together, this
represents an opposite effect to what we found in study 1, where taking a biology class was
found to make the participants more miscalibrated and more underconfident. Recall, however,
that our educational module was more focused on genetics, and one can reasonably argue that it
was much less challenging to learn than a college-level biology class. As a result, Study 2
participants may have been better able to absorb the materials and calibrate their beliefs about
their knowledge levels. This suggests that the content and format of educational materials matter
to learning outcomes and knowledge calibration. For the purpose of educating the general public
about genetics, it may be more beneficial to use concise, simple-to-understand content to avoid
cognitively overloading the learner and to ensure optimal learning outcomes.

Impact of Feedback

We conducted a similar set of analyses to understand the impact of feedback on
knowledge acquisition and calibration. Because participants in the control group did not receive
any educational material or feedback, they were excluded from this analysis. The analysis
showed that having a feedback mechanism in place did not have a significant effect on GLAI
performance (M = 59.1% for participants in the no-feedback condition and 57.1% for those in the
feedback conditions; F' < 1). However, feedback significantly reduced knowledge miscalibration

(F=27.67,p <.001), extending previous research finding that feedback can reduce uncertainty a
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learner feels about his or her performance (Ashford, Blatt, and VandeWalle 2003). The average
extent of knowledge miscalibration was 17.6% for those who did not receive feedback vs. 14.3%
for those who received feedback. Furthermore, there was no significant effect of feedback on the
direction of miscalibration (¥ < 1). This suggests that having a feedback mechanism in place is
equally likely to correct under-confidence and over-confidence.

To understand the relative effectiveness of specific feedback mechanisms, we examined
the four experimental groups that received various combinations of feedback timing and
feedback details. This was done by running ANOV As with the two feedback factors as the
independent variables. Our results showed that participants who were given instantaneous
assessment questions and feedback performed marginally better than those who were given
delayed feedback (M = 59.0% vs. 54.3%; F'=2.75, p = .10). This is consistent with previous
research that shows immediate feedback to be more effective when the type of feedback given is
specifically related to the task at hand (Hattie and Timperley 2007). Under such conditions,
instant feedback leads to more efficient retention of learned materials (Shute 2008). No other
effect was significant for GLAI performance.

For knowledge calibration, neither feedback timing nor feedback detail had a significant
main effect. However, there was a significant interaction between the two feedback factors (/' =
4.50, p = .036). As shown in Figure 3, when detailed feedback was offered, immediacy of
feedback did not have a significant effect on knowledge calibration (M = 15.0% for delayed
feedback and 14.1% for instant feedback). However, when only brief feedback was offered,
instant feedback was more effective in reducing knowledge miscalibration (M = 11.6%) than
delayed feedback (M = 17.8%; t = 2.09, p = .04). For the direction of knowledge miscalibration,

none of the feedback mechanisms made a significant difference.
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As can be seen from Figure 2(a), among the four conditions that offered some form of
feedback (the left four bars), delayed brief feedback generated the worst learning outcomes, with
an average GLAI score of 51.6%. It also resulted in the largest calibration gap of 17.8%, as
shown in Figure 2(b). In fact, participants in this condition did as poorly on knowledge
calibration as those that received no feedback at all (M = 17.6%). As shown in Figure 2(b), the
largest difference existed between the delayed brief feedback and the instant brief feedback
conditions (M = 17.8% vs. 11.6%). This latter group had the opportunity to absorb the
information in each part before moving on to the next and therefore was better able to adjust
their calibration. In contrast, participants in the delayed brief feedback condition received
feedback only after they had gone through all four parts of the educational module and as a result
may have experienced deterioration in retention. Although participants who received delayed but
detailed feedback faced the same disadvantage, it is likely that further instruction provided by
detailed feedback was able to at least partially compensate for the delay in feedback. This may
explain why they performed better in both GLAI (M = 57.1%, Figure 2(a)) and knowledge

calibration (M = 15%, Figure 2(b)) than those in the delayed brief feedback condition.

Public Policy Implications and General Discussion

Summary

Genetic tests are unique products in that they require complex scientific knowledge to
understand and use properly. With the increasing availability of genetic tests marketed directly to
consumers, serious concerns arise as to whether average consumers possess the knowledge and
tools to make sound decisions about such products. Echoing such concerns, this research

empirically examined consumers’ genetic literacy levels and their awareness of their own
y Y
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knowledge state. Our findings confirmed a generally low level of genetic literacy among our
research samples. Across the two studies, the participants on average answered only 43.29% and
56.15% of the questions correctly respectively. Although respondents in the life sciences fields
from Study 1 scored significantly higher than the rest of the respondents (53.96% vs. 41.86%),
their performance was far from satisfactory either.

While the low genetic literacy level we found is not surprising in light of similar findings
from previous research, the current research extends the literature in two significant ways. First,
we examined not only genetic literacy but also consumers’ knowledge calibration in the genetics
field. Consumer research suggests that, besides actual knowledge about a product or product
category, subjective beliefs about one’s knowledge can also have a significant impact on
consumers’ information search, information processing, and decision-making processes.
Previous studies in this area show a prevalence of overconfidence among consumers (Alba and
Hutchinson 2000; Park 2001). In the area of financial literacy, for instance, Perry (2008) found
that most consumers overestimated their credit score while only a handful underestimated it.
Study 1 provides a contrary scenario, where consumers were miscalibrated in the direction of
underconfidence. While overconfidence in other areas may be due to consumers’ inability to
assess the difficulty of a task (Perry 2008), we surmise that our finding of underconfidence could
be caused by a widely held belief that genetic science is extremely complex, thereby contributing
to an overestimation of task difficulty. The underconfidence observed in our research samples
suggests that researchers and policy makers should not take overconfidence for granted. Instead,
they should study the potential impact of both overconfidence and underconfidence when it

comes to consumption of genetic tests.
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Second, we studied specific educational intervention and feedback mechanisms aimed at
both improving genetic literacy and bridging calibration gap. Using a brief four-part online
educational module, Study 2 showed that educational intervention improved genetic literacy as
well as calibration, although the magnitude of improvement depended on the availability and
type of feedback mechanisms used. For genetic literacy, instant feedback led to better GLAI
performance than delayed feedback (59% vs. 54.3%). In terms of knowledge calibration, the
mere presence of feedback reduced knowledge miscalibration. Furthermore, there was a
significant interaction between feedback timing and feedback detail. Immediacy of feedback
improved knowledge calibration only when brief feedback was offered. When detailed feedback
was offered, immediacy of feedback did not make a difference in knowledge calibration.

A disturbing finding from our study was the discovery about what really drives consumer
attitude and purchase intention in the realm of DTC genetic tests. Instead of relying on actual
knowledge, the respondents’ attitude and purchase intention were driven predominantly by how
much they think they know, affirming the need to study knowledge calibration. Although this
subjective knowledge effect was somewhat mitigated for respondents in the life sciences fields,
these consumers were still only marginally affected by their actual knowledge of genetic science
when it came to their likelihood of buying a DTC genetic test. For them, perceived knowledge
level in the form of domain self-efficacy remains the more important driver as with the rest of
the sample.

Public Policy Implications

Our study represents a first step toward understanding not only consumers’ actual

knowledge of genetics but also their subjective assessment of their own knowledge levels.

Combined with previous research on the significant influence of knowledge calibration on
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consumer behavior, our research findings point to a need to consider the relationship between
objective knowledge and subjective knowledge when creating public policy related to DTC
genetic testing. In our earlier section titled “Consequences of Knowledge Calibration and
Miscalibration,” we pointed to differing problems arising depending on the direction of
miscalibration. While it is preferable for people to be well calibrated, we think that individuals
miscalibrated in the direction of underconfidence are better situated than those who are
overconfident. Our reason for holding this view is that those who know more than they believe
they know are at least aware of limitations on the scope of their knowledge and therefore are less
likely to proceed recklessly into unfamiliar territory. This cautiousness better protects consumer
interests and public welfare. Nevertheless, being well calibrated is preferable, and our results in
Study 2 provide preliminary evidence that at least one type of educational intervention can help
bridge existing calibration gaps. In light of our findings, we make several specific policy
recommendations about consumer genetics education and the regulation of information quality
and delivery in this area.
Genetics Education Design

Researchers have issued numerous calls for more public education in genetic sciences.
Past recommendations have included public education campaigns (Liu and Pearson 2008) and a
larger genetic science component in K-12 education (American Society of Human Genetics
2004). Here we argue that sow education is delivered is as critical as expanding its
dissemination. This emphasis on proper educational design has been pointed out by previous
financial literacy research (Fox, Bartholomae, and Lee 2005; Walstad, Rebeck, and MacDonald
2010). We echo this sentiment while adding that public education should improve not only

consumers’ knowledge about genetic tests but also the accuracy of their knowledge calibration,
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the latter of which has received limited attention in consumer literacy and public policy
discussions. If not properly implemented, some educational efforts may disproportionally inflate
consumers’ perceived knowledge level and consequently lead to increased consumption of DTC
genetic tests irrespective of the actual benefits or harms of using such tests. It is critical,
therefore, to build knowledge calibration measurements into the evaluation of a public education
program, beyond traditional assessment such as knowledge gain.

Our research further points to strategies for creating effective educational interventions.
For instance, through Study 2, we demonstrate the importance of offering an appropriate
feedback mechanism in the educational process in order to improve both learning and knowledge
calibration. Previous calibration literature suggests that instantaneous feedback during the
learning process enhances the accuracy of consumers’ knowledge calibration (Alba and
Hutchinson 2000). The results of Study 2 provide further support for this claim. Hence, to the
extent possible, public education in this area should integrate a timely feedback mechanism to
assess the accuracy of consumers’ knowledge. For example, on genetic education websites, a
quiz like the one we used in Study 2 can be offered, and the format of the quiz can be made fun
or interesting to encourage consumer usage. Incentives such as small rewards (e.g., game points)
may also be provided to motivate the use of such feedback mechanisms. On DTC genetic
companies’ websites, such quizzes can further help identify highly deficient consumers who can
then be advised to consult healthcare professionals before a purchase decision is made.

In addition to formal or more traditional educational interventions, our Study 2 findings
show the promise of informal education that can be delivered easily in an online environment.
Although the online educational module used in our research was fairly brief, it led to significant

improvement in both genetic literacy and knowledge calibration. This is consistent with a past
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finding that education of a longer duration does not necessarily contribute to more learning (Fox,
Bartholomae, and Lee 2005). Together with previous research findings on consumer education in
other product categories, our research points to the potential for making genetic education more
accessible to the general public through less conventional approaches such as documentaries, TV
dramas or sitcoms (Spader et al. 2009), interactive games (Silk et al. 2008), and museum
exhibits. Addressing such an unconventional measure, Spader et al. (2009) suggest that using TV
dramas to provide financial education not only educates but also generates awareness of the need
for financial education, thereby potentially increasing the reach and effectiveness of more formal
educational means.

Whether formal or informal education is used, it is important to recognize the need to
target educational interventions so that they work well with the characteristics of one’s audience,
including beliefs, preferences, language, culture, area-specific knowledge, self-efficacy, and for
some interventions, computer literacy and access (Davis, Gazmararian, and Kennen 2006;
Spader et al. 2009). This more customized approach is supported, for instance, by Silk et al.’s
(2008) study showing that the educational impact of a computer game aimed at increasing
nutrition literacy is influenced by individuals’ preconceived notions about the purpose of games.
Likewise, Huston (2010) concludes that “financial literacy education...can and should be
tailored to suit different demographics, life stages, and learning styles—not as a one-size-fits-all
approach” (p. 310). The key, therefore, is to offer a diverse set of educational measures to
accommodate different learning styles and literacy levels.

Oversight and Regulation of Information Quality and Marketing Practices
Because deficits in science and health literacy have the potential to create problems in

myriad facets of life, it is a problem worth resolving in its own right. However, when we
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consider genetic literacy deficits and knowledge miscalibration within the context of online DTC
marketing of genetic tests, the need for oversight and regulation to protect consumer welfare
becomes even clearer. In criticizing the Pearson v. Shalala decision, which rejected the FDA’s
argument about misleading health claims on nutrition labels, Vladeck and Hill (2000) pointed out
the vulnerability of even well-informed consumers to unconfirmed scientific data delivered via
sales pitches. Prospective consumers of DTC genetic tests are no less vulnerable. Consequently,
along with ensuring the effective delivery of genetics education so that both genetic literacy and
knowledge calibration can be improved, we also recommend that public policy makers pay close
attention to the quality of available information.

Oversight is especially important given our finding of consumer underconfidence in the
genetics domain. While underconfidence may not be as undesirable as potentially reckless
behavior elicited by overconfidence, one consequence of underconfidence is that these
consumers may be more likely to turn to external sources for information (Alba and Hutchinson
2000) and as a result amplify the influence of external information on their judgment. Although
increased information search is not bad per se, it increases consumers’ vulnerability to inaccurate
or misleading information and the possibility of information overload, both of which can reduce
decision quality (Jacoby, Speller, and Kohn 1974). Underconfident consumers may also take
another route. They might consider the task too complex and opt out of the decision making
process altogether, compelling others (e.g., physicians or family members) to decide for them
(Rotfeld 2008). This could result in their being deprived of potentially useful health-related
information.

As an important channel for delivering genetic information to consumers, it would be

ideal if DTC genetic test marketers were to closely examine the accuracy of the information that
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they provide to consumers and to support their claims with reliable scientific evidence. There is,
however, healthy skepticism about whether such a standard will be followed by a company
trying to sell genetic tests DTC, especially if it runs the risk of diminishing sales and therefore
profits (Davis, Gazmararian, and Kennen 2006). In this regard, Kozup and Hogarth’s (2008)
observation regarding the role of public policy in promoting consumers’ financial security is
applicable to the promotion of sound consumer decisions regarding genetic testing. It may be
necessary for regulatory agencies such as the FTC and trade associations to intervene in the
educational process to ensure the delivery of good quality information to consumers. Similar to
the Nutrition Labeling and Education Act, which has been found to improve information and
marketing practices among food manufacturers (Caswell et al. 2003), such third-party oversight
may provide genetic test marketers the necessary motivation to comply with higher information
quality standards. Despite the FTC’s budget limitations, we hope that this study’s data and
recommendations will prompt the FTC and other watchdog organizations to give greater priority
to addressing exaggerated or fraudulent claims made by those marketing genetic tests DTC.

In addition to ensuring the accuracy and comprehensiveness of information, genetic
testing companies, the FTC, and public policy makers should also examine the use of specific
marketing tactics that may worsen consumers’ knowledge miscalibration and low genetic
literacy. For instance, consider one of the most prevalent marketing tactics—the empowerment
appeal—observed in online DTC marketing practices (Liu and Pearson 2008). One might think
that such a confidence-boosting appeal could counteract problematic effects associated with the
tendency toward underconfidence. But the use of such an appeal runs the risk of raising an
individual’s confidence level so that she will simply be miscalibrated in the opposite direction.

Even if there were not a complete reversal of the direction of miscalibration, our findings of a
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positive correlation between self-efficacy and both attitude and purchase intention suggest that
companies should exercise restraint in their use of empowerment appeals or other emotional
appeals designed to affect people’s confidence levels. Here, the role of public policy will be to
ensure informed and ethically sound use of DTC marketing of genetic tests and/or to encourage
industry self-regulation and oversight (e.g., through a trade association) in the use of marketing
information and tactics.
Effective and Efficient Information Delivery

Delivering educational materials to the public can be a very costly process (Silk et al.
2008). Unlike financial education, which receives ample funding from both public and private
institutions (Fox, Bartholomae, and Lee 2005), genetics education does not enjoy the same
resource abundance. As a result, it is important to deliver information to consumers in a cost-
effective and easily accessible fashion. A relatively simple first step toward improving
consumers’ genetic literacy as well as knowledge calibration would be to better publicize the
availability of existing resources, such as the National Library of Medicine’s Genetics Home
Reference, the genetics education section of the HHS’s HealthFinder.Gov website, and the NIH’s
National Human Genome Research Institute website. In addition, previous research on nutrition
literacy suggests that effective and accessible information presentation can bridge the
disadvantage created by consumer knowledge gap (Moorman 1996). Therefore, creators of
websites should work to make the search and use of information easier for consumers. One stride
in this direction is the Office of Disease Prevention and Health Promotion’s (ODPHP; 2010a)
guide to facilitate the creation of user-friendly health websites. Website creators should heed

such guidelines to ensure the development of more helpful websites.



36

Another cost-efficient way of delivering genetics information is to combine it with other
health literacy initiatives currently operating in the U.S. For example, the Department of Health
and Human Services’ (2010b) National Action Plan to Improve Health Literacy, their Healthy
People 2020 initiative, and the health literacy component of the Department of Education’s
Literacy Information and Communication System (LINCS) are programs aimed at improving the
public’s health literacy. The LINCS program does not include content related to genetics or
genetic testing, but it may provide people with some basic skills that will allow them to more
easily navigate the genetic testing terrain. For example, the LINCS website contains an
intermediate level education module titled “Making Good Health Decisions,” which includes a
section related to media messages about prescription drugs. A similar section on DTC genetic
test advertisements could readily be added to this module. Compared with the LINCS program,
whose focus is primarily on general literacy, the HHS initiatives are even more relevant to our
purpose as they attend primarily to the health part of health literacy. The Action Plan is aimed at
modifying information delivery so that it is accessible to those whose general literacy as well as
health literacy is fairly low. Though the Action Plan does not specifically mention genetics
education, its broad-based recommendations for collaboration among various government
agencies, health care providers, public health officers, professional organizations, academic
researchers, and philanthropists can help improve the quality and accessibility of health-related
information, and can be used to guide genetics information delivery.

Alongside making existing genetics information resources accessible, the public should
also be trained to extract high quality, usable data from the large volume of information on the
topic. A localized, privately funded example of this is the Grillo Health Information Center in

Boulder, Colorado, which provides the public with research services and access to credible
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sources of health information. Expanding such services could be facilitated by an infusion of
government and private funding or resources. One suggestion is to make more extensive use of
health science librarians (Tarver 2010). If health science librarians were deployed to train
librarians at public libraries to navigate more fluidly through health science literature and
credible genetics information resources, these public librarians could in turn convey their
knowledge to library patrons. This could promote wider use of existing reliable resources and,
perhaps, prevent information overload. In addition to this, Tarver (2010) recommends creating
partnerships between health science librarians and other professionals, including public health
professionals and health care providers in an effort to improve not only professionals’ literacy
but also their ability to communicate knowledge to consumers. This increased use of health
science librarians of course would require a collaboration with the NIH, as National Library of
Medicine personnel would be integral to implementing such a plan.
Limitations and Future Research

We recognize a few limitations in our current research. One limitation is its use of a
college student sample. The recent Berkeley experiment suggests that examining the
characteristics of a college student sample is highly relevant, given that they may be increasingly
targeted as potential consumers of these products. That said, to obtain a more complete picture of
whether there is a general tendency toward underconfidence among the general population, it
will be necessary to study a sample with a more diverse educational background. Given that
students who had taken a biology course tended to be more underconfident than their
counterparts who had not taken a biology course, it is possible that a lower level of education
could alter the direction of miscalibration. Future research should especially look into at-risk

populations such as those with a family history of diseases known or believed to have a
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significant genetic component. With an unfavorable family background, these individuals may
be especially motivated to learn more about genetic science and genetic tests. While this can
potentially lead to more learning, the high personal relevancy may make these individuals
especially vulnerable to DTC marketing tactics. While improving genetic literacy can help these
individuals better understand the relationship between family history and diseases with a
significant genetic component, as Bone et al. (2009) explain, people’s ability to process
information is negatively affected by heightened emotion. At a minimum, at-risk consumers
should be aware of this influence on their information processing and consequently their
decisions. Although we controlled for the influence of family history in Study 2, more focused
research is needed in the future to examine the behavior and responses of these individuals in
terms of knowledge seeking and decision making.

Though Study 2 provides some evidence that an educational intervention can improve
both genetic literacy and knowledge calibration in this area, we addressed only one form of
education and selected feedback mechanisms to a limited audience. Further studies are needed to
determine whether this educational intervention will have the same results when administered to
a larger and more diverse population and how other educational interventions may be more or
less effective in enhancing genetic literacy and knowledge calibration among the general public.
Moreover, as Silk et al (2008) recommend for nutrition literacy education, future research into
genetic literacy education should include an evaluation of the long-term as well as short-term
outcomes and social benefits of myriad educational interventions.

Also deserving of further inquiry are the causes of knowledge miscalibration and the
processes through which knowledge calibration can affect consumers’ decision making about

DTC genetic tests. In their paper, Alba and Hutchinson (2000) had issued a call for more
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research on knowledge calibration in general. While our research contributes to this
understanding by identifying the existence and direction of miscalibration in genetic knowledge
as well as showing the extent to which at least one type of educational intervention helps narrow
the calibration gap, we did not explicitly test zow such miscalibration may influence consumer
decision making. Future research can explore the effect of miscalibration at various stages of
consumers’ decision making process, such as their information seeking, information processing,
susceptibility to emotional appeals and other marketing tactics, and their final purchase
decisions. Furthermore, even if educational interventions succeed in improving genetic literacy
and calibration, personality traits and environmental factors can play a role in consumer decision
making (Huston 2010; Rotfeld 2008). In view of our conclusion in Study 1 regarding the main
drivers of purchase intention as well as observations from financial literacy research, even the
best educational intervention will still leave ample room for suboptimal decision making. Future

studies should examine these potential interfering factors alongside knowledge calibration.
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.001.




Figure 1. Screenshot of the Online Genetics Educational Module

Module 1: Basic Concepts

* DNA (deoxyribonucleic acid) is the hereditary material found in the cells of humans and nearly all
other organisms. The DNA molecule consists of approximately 3 billion base pairs that form a double
helix.

* A gene is a sequence of DNA that codes for a specific function, usually a protein.
« Humans have approximately 20,000-25,000 genes, each of which varies in size.

« The DNA molecule is packaged inside chromosomes, which are transmitted from parents to their
offspring. Chromosomes are composed of DNA tightly wound around proteins that give chromosomes
their structure.

* Humans have 23 pairs of chromosomes, for a total of 46 chromosomes. 22 pairs of chromosomes are
the same in both males and females, but the 23rd pair differs with females having two X-chromosomes
and the male having one X and one Y-chromosome.

Chromosomes

Image Source: The Australasian Genetics Resource Book
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Figure 2. GLAI Performance and Knowledge Calibration Across Study 2
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Figure 3: Interaction between Feedback Timing and Feedback Detail on
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Appendix: Genetic Knowledge Calibration Survey Questions

Sample GLAI Question (see Bowling et al. 2008 for the complete questionnaire):
What is the relationship among genes, DNA, and chromosomes?

a. Genes are composed of DNA and lie within chromosomes.

b. Genes are separate entities from either DNA or chromosomes.

c. Genes are found only in chromosomes and not DNA.

d. Genes are found only in DNA and not chromosomes.

e. Chromosomes are composed of genes but not DNA.

Genetics Domain Self-Efficacy:

1. How familiar are you with genetic concepts? (Not familiar at all/Extremely familiar)

2. How clear an idea do you have about which characteristics of genetic tests are important in
providing you best results? (Not very clear/Very clear)

3. I know a lot about genetics (Disagree/Agree)

4. How would you rate your knowledge about genetics relative to the rest of the population?
(Least knowledgeable people/Most knowledgeable people)

GLALI Task-Specific Self-Efficacy:

1. (Task self-efficacy level) Of the 25 genetic literacy questions that we asked earlier, how many
questions do you think you have answered correctly?

2. (Task self-efficacy strength) For the number you gave above, how confident are you that you
answered that many questions correctly? (0~100%)

Attitude and Purchase Intention:

1. How do you feel about manufacturers selling genetic tests directly to consumers? (very
negatively/very positively)

2. How likely are you to purchase a genetic test directly from the manufacturer of such tests?
(very unlikely/very likely)
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Footnotes

! Although there are several uses for genetic testing (e.g., paternity or research), this manuscript is concerned
primarily with tests that directly analyze human DNA for variations associated with diseases.

% The items eliminated from the GLAI were questions 6, 9, 14, 26, 27, and 29.

’ Running the regressions with task self-efficacy instead of domain self-efficacy yielded similar results.

* For Study 2, the items further eliminated from the GLAI were questions 3,4, 5,7, 11, 17, 18, 24, and 31.

> Unless otherwise noted, we included family history as a covariate in all of the analyses conducted in this section.
No significant effect was found for the variable in any of the analyses. This does not mean that family history does
not affect consumer decision making about genetic tests. Rather, it is likely the result of our choice of constructs and

measures.



