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Abstract

This study presents a systematic comparison of two alternative measures of citizens’ perceptions of risks and
benefits of emerging technologies. By focusing on two specific issues (nanotechnology and biofuels), we derive
several insights for the measurement of public views of science. Most importantly, our analyses reveal that
relying on global, single-item measures may lead to invalid inferences regarding external influences on public
perceptions, particularly those related to cognitive schema and media use. Beyond these methodological
implications, this analysis suggests several reasons why researchers in the area of public attitudes toward
science must revisit notions of measurement in order to accurately inform the general public, policymakers,
scientists, and journalists about trends in public opinion toward emerging technologies.
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|I. Introduction

Taking into account citizens’ views of emerging technologies early on in the issue cycle has become
a priority for science communication, in part due to lessons learned from public reactions to agri-
cultural biotechnology (Brossard and Shanahan, 2007), but many questions remain regarding the
optimal methods to do so. In particular, the lack of familiarity and interest among the public poses
challenges to researchers trying to measure public attitudes, and measurement is even more prob-
lematic when policymakers and journalists are interested in dichotomized descriptions of public
opinion. As a result, a tension exists between the priority of gauging well-informed, deliberative
opinions while—at the same time—reporting an “approve-or-disapprove” message that fits a head-
line format and assumes a singular “public.”
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2 Public Understanding of Science XX(X)

One example of such summative judgments is a measure that is ubiquitous in research on public
reactions to emerging technologies: citizens’ assessments of the relative risks and benefits of
emerging technologies. This study focuses on at least two problems associated with measuring
perceptions in a single-item question format with few response categories (for an overview, see
Cacciatore, Scheufele and Corley, in press). First, responses may be biased due to “response order
effects” (e.g., Schuman and Presser, 1981). Asking respondents whether the benefits outweigh
the risks, for instance, is a much different question than one that offers the “risks outweighing the
benefits” as the initial response option, and research suggests that “the earlier in the list [of response
options] an acceptable answer appears, the more popular it will be” (Tourangeau, Rips and Rasinski,
2000: 250) among respondents. Second, this form of measurement forces respondents to make
subjective judgments about the relative importance of several risks and benefits. Such judgments
are often skewed, given people’s tendency to remember unfavorable information about an issue to
a greater extent than favorable information (e.g., Gilovich, 1991).

Our study takes both a methodological and a conceptual approach to exploring the appropriate-
ness of survey measures and the proper ways to construct predictive models of public perceptions,
with implications for policymakers on issues related to science, technology, and risk. As a starting
point, we emphasize the differences between “explanatory” and “descriptive” research (Babbie,
2007: 89—90). Whereas reliability and validity of measurement have received abundant attention in
the former domain (e.g., Carmines and Zeller, 1979), the latter domain—where we commonly find
policymakers and journalists interacting with researchers—has given much less attention to these
methodological concerns (e.g., Tankard, 1976), with detrimental implications for public commu-
nication of science and technology.

2. Assessing public opinion of science and technology

In order to outline how measurement can impact models of public opinion of science and technol-
ogy, it is important to position our study within the context of current work in this area. First, there
is a normative component to any assessment of public opinion about emerging technologies. In
other words, what is the place of science in democracy and of democracy in science? Some schol-
ars stress an ideal scientific citizen who is both willing and able to take part in the policy decision-
making process (e.g., [rwin, 2001), although others have questioned precisely what is meant by
citizen participation (Rowe and Frewer, 2005). Strategies for realizing these normative ideals, fol-
lowing from work in political science (e.g., Fishkin, 1991), have focused on consensus conferences
and deliberative models of generating informed public opinion (Kleinman, Delborne and Anderson,
in press; Powell and Kleinman, 2008).

Second, there is the descriptive component of public opinion, notably the realization that much
of the public is neither interested nor capable of taking part in the debate on these issues (Scheufele,
2006). Empirical research suggests that the American public may not possess the basic levels of
scientific knowledge and literacy to arrive at the informed opinions that result from deliberative
contexts (Miller, 2004). Moreover, differences in levels and types of knowledge within different
sub-groups of the public (Corley and Scheufele, 2010) highlight the ongoing tensions between the
normative and descriptive components of public opinion of science.

One method of rectifying this tension is to adopt a more strategic approach to public engage-
ment (Nisbet and Mooney, 2007). This perspective is based on research from psychology and
social psychology dealing with the “availability heuristic” (Tversky and Kahneman, 1973), i.e.,
people’s tendency to rely on the pieces of information that are most easily retrievable from mem-
ory to make judgments. Often, the only relevant pieces of scientific information are transmitted
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through mass media, which can have a strong influence on both the accessibility and applicability
of particular issue attributes (Scheufele and Tewksbury, 2007). Accordingly, risk perceptions asso-
ciated with specific technologies vary considerably throughout the public, often in direct contra-
diction to the quantitative definitions offered by risk experts (Slovic, 1987).

These aspects of the ongoing scholarly debate shed light on our central question of interest:
What is the best method of measuring citizens’ perceptions of risks versus benefits of an emerging
technology? One approach to achieving the normative goal of citizen involvement is the systematic
consultation of public views (Rowe and Frewer, 2005), most often through surveys. In order for
this collection of views to be useful to scientists, policymakers, and journalists, however, the opin-
ions must be measured both precisely and in a way that adequately represents broader populations.
If they are not, whatever insights might be gleaned from the data may actually misinform those
who view effective communication as their central goal. Thus, prior to presenting our empirical
examination, we provide a brief review of the nature of survey response and the centrality of proper
measurement to good social science investigations.

3. Nature of survey response and measuring risk/benefit perceptions

The cognitive processes involved with responding to a survey question have been researched
extensively for decades, and they merit revisiting as we consider how best to tap respondents’
evaluations of emerging technologies. At their simplest, these cognitive processes involve seven
steps: (a) interpreting the question, (b) generalizing an opinion, (c) accessing relevant information,
(d) deciding how to use that information, (e) “computing” the judgment, (f) formatting a response,
and (g) editing the response (Sudman, Bradburn and Schwarz, 1995: 58). The availability of rele-
vant considerations in forming an opinion to report (i.e., steps ¢ through e) has received the greatest
amount of attention among theorists (e.g., Zaller and Feldman, 1992), and echoes the concerns
outlined above. Importantly, if individuals have not encountered a particular object before report-
ing their attitude, they rely on the most salient considerations—what’s at the top of their heads—to
form that response.

This process has implications for measuring attitudes for at least two reasons. First, if research-
ers do not offer an identical definition to all respondents, there is no baseline across which to
compare responses. Recent surveys of public attitudes toward nanotechnology (e.g., Brossard
et al., 2009; Cobb and Macoubrie, 2004; Kahan et al., 2009) and agricultural biotechnology (e.g.,
Brossard and Nisbet, 2007; Crne-Hladnik et al., 2009) have therefore strived to provide such infor-
mation. Second, especially for questions asking for global assessments of benefits versus risks,
specific personality traits or demographic characteristics may influence responses. For example,
since women and men differ systematically in their subjective assessment of risk (Flynn, Slovic
and Mertz, 1994), responses to such questions might reflect this overall tendency. Consequently,
while the aim of the question is to assess the judgments of a specific scientific or technological
issue, responses may in fact reflect more arbitrary tendencies that have little to do with consider-
ations of the attitude object.

In addition, there are potential problems related to the survey instrument. Researchers always
confront a conflict between the expediency of space and time (i.e., maximizing the number of
constructs measured) versus precision of measurement (i.e., minimizing the potential for random
error by including multiple indicators of the same construct). We address the importance of reliable
measurement below. Problems associated with the length of questionnaires are well documented
(Brehm, 1993), and we address their implications for assessing public views of science in our
conclusions.
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Potential problems associated with measurement

These criticisms related to measurement are certainly not new to the literature, but it bears repeating
that they can become particularly problematic as issues evolve in the policy arena. We choose to
focus in particular on the trade-offs inherent in relying on single-item, global attitude reports and
more fine-grained variables based upon multiple (and independently measured) items. Thus, a
central concern is measurement, which “focuses on the crucial relationship between the empirically
grounded indicator(s)—that is, the observable response—and the underlying unobservable
concept(s)” (Carmines and Zeller, 1979: 10). We focus on reliability (i.e., that the same result would
be obtained with repeated observations) and validity (i.e., accuracy in reflecting the concept intended
to be measured) (Babbie, 2007). The latter measurement criterion is commonly considered to be
contingent upon the former (Chaffee, 1991).

Assessing validity is more difficult than assessing reliability, in part because no standard coef-
ficient of comparison exists (Carmines and Zeller, 1979). Of the many types of validity relevant to
survey measures (Babbie, 2007: 146—147), our study focuses on construct validity (i.e., “the degree
to which a measure relates to other variables as expected within a system of theoretical relation-
ships”) (Babbie, 2007: 147). This is the most straightforward type of validity to assess empirically
because it involves comparing the focal variables to a variety of other variables available in a given
data set (McLeod and Pan, 2005).

The role of attitude formation

So far, our discussion has focused primarily upon methodological concerns. And, while measure-
ment is the primary focus of our study, prior to introducing our specific research questions we
reiterate the importance of theory in assessing public views of science. Of particular concern are
theories of attitude formation, as well as how responses to survey questions reflect some underly-
ing, latent attitude.

The general approach to the study of attitudes relies on the notion that evaluations of attitude
objects are made while considering that object within a specific context (Eagly and Chaiken,
1993). The relationship between beliefs about the object and the accessibility of those beliefs is
treated as central in the expectancy value model of attitude formation. Specifically, “a person’s atti-
tude toward an object is determined by the subjective values or evaluations of the attributes
associated with the object and by the strength of these associations” (Ajzen and Fishbein, 2008:
2224). From an investigator’s point of view, theory is crucial to understanding which attributes
may be relevant to the scientific or technological issue under scrutiny, as questions phrased
by a researcher may not represent beliefs about an object that are accessible to a respondent
(Ajzen, 2001).

The implications for the present investigation should be clear: there is a trade-off in measuring
public attitudes toward these objects within the context of interest fo the investigator and measur-
ing them within the context of the respondent’s familiarity with the object. Consequently, while we
have criticized survey questions that require respondents to make complex judgments comparing
risks and benefits of an issue, improving such measures to tap latent evaluations of these attributes
depends upon sound theoretical considerations. Applying theories of attitude formation to the col-
lection of public views about science therefore requires an acknowledgment of “risk” and “benefit”
as empirically distinct attributes of an issue that are intimately tied to the context in which they are
accessible to an individual.
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Research questions

The foregoing overview leads us to several research questions that we will evaluate in this study. We
have placed particular emphasis on trade-offs associated with different measures to assess citizens’
views of benefits and risks associated with emerging technologies. This emphasis leads to the follow-
ing research questions:

RQ1: How does the reliability of a multi-item benefits-versus-risks construct compare to that of
a single-item construct?

RQ2: How does the validity of a multi-item benefits-versus-risks construct compare to that of a
single-item construct?

With the latter question, we focus on how the validity of a multi-item construct may allow for
more valid inferences related to public views of emerging technologies. In addition, because each
emerging technology will bring with it a unique set of public concerns and opinion dynamics, it
is important to assess these measures across multiple issues.! We therefore pose a third research
question:

RQ3: How do the reliability and validity of these measures compare across multiple issue
contexts?

4. Methodology

Because our study is fundamentally about measurement and its implications for models predicting
public opinion, we rely on two secondary data sets that focus on separate emerging technologies.
The first is a nationally representative survey of American adults conducted from August to
October of 2004 concerning nanotechnology (response rate = 25.6%). The second was carried out
from April to June of 2009 regarding biofuels and alternative energy (response rate = 38.8%). This
survey was conducted with a representative sample of adults living in one of the top biofuels-
producing and -consuming states in the U.S. Both surveys were conducted via a random-digit-
dialing procedure through the University of Wisconsin Survey Center. Response rates correspond
to the RR3 definition from the American Association for Public Opinion Research Standard
Definitions (AAPOR, 2009).

These two surveys provide several advantages for our study. First, with the issue of nanotechnol-
ogy, we are able to compare our findings with past research findings from national samples. Second,
with the issue of biofuels, we capitalize on higher levels of salience and familiarity with this tech-
nology among our respondents, as well as complexity of risks and benefits in terms of trade-offs of
the technology. The more localized sample is appropriate for these reasons, especially considering
that these individuals may have personal experience with biofuels even if they have not considered
some of the risk—benefit trade-offs that surround it. Moreover, this allows us to capitalize on the
unique situation of having data with different risks/benefits evaluations across the two issues.

Respondents’ evaluations of benefits versus risks

The two surveys included a question asking respondents to make an overall judgment of the risks
versus benefits of the respective emerging technology, as well as a battery of questions where
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respondents provided an evaluation of various risk and benefit statements independently.” We
describe these questions and the construction of multi-item indices in this section.

Measures from 2004 nanotechnology survey. The question for the single-item measure of benefits
versus risks of nanotechnology was worded as, “Do you think the benefits of developing nanotech-
nology further outweigh the risks, or do you think the risks outweigh the benefits, or do you think
the risks and benefits are about equal?” There were three response categories: “Risks outweigh
benefits” (14.0%), “Risks and benefits equal” (56.8%), and “Benefits outweigh risks” (29.2%).

The survey also included a battery of eight items assessing respondents’ evaluations of specific
risks and benefits of nanotechnology. Responses to these questions were measured on a ten-
point scale (1 = “Strongly disagree,” 10 = “Strongly agree”). The four benefits question were:
(1) “Nanotechnology may lead to new and better ways to treat and detect human disease” (M =7.28,
SD = 2.49); (2) “Nanotechnology may help us develop increased national security and defensive
capabilities” (M = 6.71, SD =2.60); (3) “Nanotechnology may lead to new and better ways to clean
up the environment” (M = 6.56, SD = 2.65); and (4) “Nanotechnology may give scientists the abil-
ity to improve human physical and mental abilities” (M = 6.50, SD = 2.68). The four risk questions
were: (1) “Because of nanotechnology we may lose more U.S. jobs” (M = 4.89, SD = 2.95);
(2) “Nanotechnology may lead to an arms race between the US and other countries” (M = 4.99,
SD = 2.91); (3) “Nanotechnology may lead to the loss of personal privacy because of tiny new
surveillance devices” (M = 6.43, SD = 2.88); and (4) “Nanotechnology may lead to the uncontrol-
lable spread of very tiny self-replicating robots” (M = 3.29, SD = 2.64).

Measures from 2009 biofuels survey. Our single-item measure evaluating benefits-versus-risks of
biofuels was worded, “And, overall, do you think that the risks associated with biofuels outweigh
the benefits, that the benefits outweigh the risks, or that the risks and benefits are about equal?”’
Responses were again measured in three categories: “Risks outweigh benefits” (12.6%), “Risks
and benefits about equal” (58.5%), and “Benefits outweigh risks” (28.9%).

The biofuels survey included sixteen indicators of risk and benefit evaluations. These were
grouped, with two benefits and two risks each, into four separate domains where biofuels are rel-
evant: environmental impacts, economic consequences, social/ethical implications, and political
ramifications. The benefits questions were: (1) “Biofuels are less damaging to the environment
than petroleum-based fuels” (M = 6.35, SD = 2.60); (2) “Biofuels burn cleaner than regular gasoline”
(M =6.21, SD =2.67); (3) “Biofuels production will create more jobs” (M = 6.22, SD = 2.53); (4)
“Developing domestic biofuels will help strengthen the U.S. economy” (M = 6.30, SD = 2.62);
(5) “Biofuels will help the U.S. maintain global leadership in science and technology” (M = 5.98,
SD =2.61); (6) “Biofuels enable us to turn agricultural waste into energy” (M = 6.87, SD = 2.50);
(7) “Increasing production of biofuels will reduce our dependence on foreign oil” (M = 6.52, SD =2.80);
and (8) “By investing in biofuels, the U.S. government can join the international fight against global
warming” (M = 5.63, SD =2.91).

The risks questions were: (1) “Biofuels will have negative environmental impacts” (M = 4.48,
SD = 2.44); (2) “Biofuels production will threaten plants and wildlife” (M = 4.28, SD = 2.52);
(3) “Biofuels will increase fuel costs” (M = 5.39, SD = 2.63); (4) “Biofuels production will lead to
an increase in the price of food” (M = 5.80, SD = 2.72); (5) “Biofuel plants reduce the quality of
life in surrounding communities” (M = 4.02, SD = 2.37); (6) “Recent increases in biofuels produc-
tion have contributed to world hunger” (M = 4.16, SD = 2.68); (7) “Developing biofuels takes
resources away from other renewable energy solutions, such as wind and solar” (M =4.79, SD =2.67);
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and (8) “Government mandates to use more biofuels put unfair restrictions on U.S. industry” (M =5.42,
SD =2.58).

Construct validity measures

For the purposes of assessing the validity of respondents’ evaluations of benefits versus risks of
nanotechnology and biofuels, we compared how the two benefits-versus-risks variables were
related to several external criteria.

Measures from 2004 nanotechnology survey. Demographic indicators included age (M = 50.01,
SD = 17.72), sex (42.0% male) and education (Mdn = 5.00, “College 1 year to 3 years”; ordinal
scale ranged from 1 = “Never attended school or only attended kindergarten” to 6 = “College
4 years or more”). Cognitive schema included political ideology (two-item mean index with “con-
servative” coded high: M =4.23, SD =1.38; r=.52, p <.001) and factual nanotechnology knowledge
(six-item additive index: M = 3.75, SD = 1.55). Media use measures included attention to political
news on television (two-item index M =5.47, SD =2.87; r=.80, p <.001) and in newspapers (two-
item index M =6.42,SD =2.51;r=.70, p <.001), as well as attention to science news on television
(two-item index M =4.63, SD =2.69; r= .82, p < .001) and in newspapers (two-item index M =5.49,
SD=2.61;r=.85,p<.001). Media attention was measured on an 1 1-point scale (0 = “No attention
atall,” 10 = “A great deal of attention”).

Measures from 2009 biofuels survey. Similar measures were included from the biofuels survey: age
(M =57.38, SD =16.24), sex (42.3% male) and education (Mdn = 5.00, “College 1 year to 3 years
(some college or technical school)”; ordinal scale ranged from 1 = “Never attended school or only
attended kindergarten” to 8 = “Graduate degree”). Political partisanship was assessed with two
filter questions, resulting in a single seven-point measure (M = 4.15, SD = 2.08; 1 = “Strongly
Republican,” 7 = “Strongly Democrat”). Knowledge about biofuels was assessed with nine true/
false questions (additive index, M =4.95, SD = 1.64). Attention to political news on television (two-
item index, M = 6.62, SD = 2.65; r = .70, p < .001) and in newspapers (two-item index, M = 5.83,
SD =3.05; r= .81, p <.001) and attention to science news on television (two-item index, M = 5.80,
SD =2.65; r=.76, p <.001) and in newspapers (two-item index, M = 5.03, SD =2.89; r = .77,
p <.001). These indicators were measured on an 1 1-point scale (0 = “No attention at all,” 10 = “A
lot of attention”).

Analytic strategy

The analysis proceeded in two phases. The first phase involved comparing responses to single-item
versus multi-item indicators of a benefits-versus-risks construct. We focused on assessing how
well respondents were able to fulfill a request for an overall, global evaluation versus one based
upon more fine-grained responses to specific benefits and risks. In the second phase, we assessed
the validity of both measures. This involved comparing the relationships with external criteria
through zero-order correlations and multiple regression.

5. Results

There are two recommended approaches to assessing reliability: internal consistency and alternative-
form method (Carmines and Zeller, 1979: 50). Since evaluating internal consistency requires at least
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two or more measures, we can only evaluate a multi-item index in this way. We can also, however,
simulate an alternative-form comparison by looking at the distributions of responses on our single-
item measures and a recoded version of our multi-item variables.

Internal consistency

We relied on two coefficients for internal consistency: Cronbach’s alpha (Cronbach, 1951) and the
average inter-item correlation (Carmines and Zeller, 1979). The latter is particularly valuable for
our study because the value of Cronbach’s alpha tends to inflate as the number of indicators
increases. From the statements assessing respondents’ views of the risks and benefits (four each for
nanotechnology and eight each for biofuels) we constructed two independent indices for each
issue: perception of risks and perception of benefits. The nanotechnology risks index (M = 4.91,
SD = 2.16; alpha = .71, average inter-item » = .38) and benefits index (M = 6.75, SD = 2.12;
alpha = .81, average inter-item » = .53) each displayed adequate levels of internal consistency.
Similarly, the biofuels risks index (M = 4.79, SD = 1.64; alpha = .79, average inter-item r = .32)
and benefits index (M = 6.22, SD = 2.05; alpha = .90, average inter-item » = .52) were also highly
reliable.

These levels of internal consistency for each index suggest that their constituent indicators tap
the underlying attitude constructs very well. The next step in constructing our overall benefits-
versus-risks variable was to calculate a relative measure, by subtracting the risks variable from the
benefits variable. In both cases, the resulting index has a possible range from -9.00 (“risks out-
weigh benefits completely”) to +9.00 (“benefits outweigh risks completely”). We define this vari-
able, based upon highly reliable measures of the latent risk and benefit evaluations, as a continuous
and highly reliable version of the single-item measure.

Alternative-form comparison

An alternative-form evaluation of reliability relies on evaluating the same underlying construct using
two different, independent tests. These two “tests” corresponded to our independent measurement of
benefits-versus-risks with the single-item versus multi-item variables. An important drawback to the
alternative-form method is its inability “to distinguish between true change from unreliability of
measure” (Carmines and Zeller, 1979: 40). For our purposes, this is less of a concern because we
assume that no true change occurs while a respondent is answering the survey questionnaire.

Comparison of means. We first examined the mean value on our multi-item index of benefits-ver-
sus-risks across the three response categories on the single-item measure. The results of this com-
parison were fairly ambiguous. In the nanotechnology survey, those responding to the single-item
question that “the risks outweigh the benefits” scored, on average, 0.40 (SD = 2.27; N = 82) on the
multi-item index, while those responding that “the risks and benefits are about equal,” and that “the
benefits outweigh the risks” had average multi-item index response scores of 1.62 (SD=2.33; N =333)
and 3.22 (SD = 2.38; N = 176), respectively. For the biofuels survey, responses that “the risks out-
weigh the benefits” corresponded to an average of -2.57 (SD = 2.82; N = 71) on the multi-item
index, “risks and benefits are about equal” to a mean of 1.24 (SD = 2.08; N = 330), and “the ben-
efits outweigh the risks” to a mean of 3.73 (SD =2.24; N=163).

Mean differences were evaluated by comparing confidence intervals on the multi-item index
within each of the three response categories, which provided a range of likely values for the popu-
lation parameter (Wooldridge, 2003: 145). Computing the 95% confidence interval revealed
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substantial overlap among mean values on the multi-item measure and the three categories of the
single-item measure. For nanotechnology, this variation was substantially less (—4.14 < Mo, <494
-3.04<pu  <6.28;-154<u < 7.98) than for biofuels (-8.21 < . <3.07;,292<u <
equal 3 benefits . _risks equal
540, -0.75<p, . < 8.21).” Nonetheless, in all three groups for both issues the confidence inter-
val overlapped with the zero-point, suggesting that certain respondents commit errors in reporting
a summative judgment of benefits-versus-risks. Of course, this comparison has two limitations.
First, it does not allow us to evaluate which individuals are committing these errors. Second, a true
alternative-form reliability test would require exactly equivalent forms of the two measurements
(i.e., comparing a three-category measure with another three-category measure).

Comparison of distributions. With the above limitations in mind, we undertook an additional com-
parison by recoding the multi-item benefits-versus-risks indices to correspond roughly to the sin-
gle-item (i.e., three-category) measure. We employed this method to approximate an alternative-form
comparison in two steps. First, we recoded the multi-item index so that all scores below zero cor-
responded to “risks outweigh benefits,” all scores above zero corresponded to “benefits outweigh
risks,” and scores equal to zero corresponded to “risks and benefits about equal.” This negative/
positive split was highly restrictive because it assumed survey respondents who voluntarily assign
themselves to the “about equal” middle category responded to a battery of risk and benefit items
such that, on balance, they really did come out equal.

In spite of this restrictive assumption, the results of our comparison demonstrated just how
fraught with error self-categorization on the single-item measure can be (see Table 1). Respondents
self-selecting into the “benefits outweigh risks” category were the least susceptible to err; for both
issues, at least 90% of respondents correctly placed themselves. For biofuels, a majority of respon-
dents (81.7%) correctly placed themselves in the “risks outweigh benefits” category. For nanotech-
nology, however, within the same category a majority of respondents (50.0%) reliably reported
seeing more benefits than risks, according to our multi-item index. Across the two issues, those
placing themselves in the middle category (“risks and benefits about equal”) were more likely to
fall on the positive than negative side of the multi-item index. The disparity for this category, how-
ever, is likely linked to our restrictive comparison method.

Table I. Comparison of single-item distributions with reduced multi-item categories based on simple
negative/positive split

Single-item response Recoded multi-item index
Risks outweigh Risks and Benefits Total
benefits benefits equal outweigh risks
Nanotechnology
Risks outweigh benefits 35.4% 14.6% 50.0% 100.0%
Risks and benefits equal 18.9% 7.5% 73.6% 100.0%
Benefits outweigh risks 6.3% 2.8% 90.9% 100.0%
Total 17.4% 7.1% 75.5% 100.0%
Biofuels
Risks outweigh benefits 81.7% 1.4% 16.9% 100.0%
Risks and benefits equal 23.3% 2.7% 73.9% 100.0%
Benefits outweigh risks 3.1% .0% 96.9% 100.0%
Total 24.8% 1.8% 73.4% 100.0%

Note: N = 607 (nanotechnology), 564 (biofuels). Cell entries are row percentages.
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The second comparison relaxed the restriction on “about equal” evaluations. We recoded the
multi-item index according to its distribution within each survey sample, i.e., based upon where
respondents scored relative to each other. Thus, the top third were assigned to the category “benefits
outweigh risks,” the bottom third to “risks outweigh benefits,” and the middle third to “about equal.”

The results of this second comparison, while less restrictive, replicated several of the same
errors of self-categorization from our first comparison (see Table 2). For nanotechnology, the high-
est level of correct self-categorization was only 58.0% (“benefits outweigh risks”). For biofuels,
respondents fared better (84.5% correct on “risks outweigh benefits”). Across the two data sets, we
saw the most errors in self-categorization in the middle category, with fewer than half of respon-
dents correctly categorizing themselves (34.2% for nanotechnology and 43.9% for biofuels) and
wrong self-categorizations split roughly equally between the two remaining categories.

Overall, our approximated alternative-form method for assessing the reliability of the single-
item, three-category risks-versus-benefits item revealed substantial measurement error. According
to our less restrictive second comparison fewer than half (44.3%) of respondents to the nanotech-
nology survey correctly self-categorized, while slightly more than half (57.1%) of respondents to
the biofuels survey reported correct judgments. In sum, there existed substantial error in respon-
dents’ abilities to self-categorize their overall judgments according to the three response categories
of the single-item survey measure.

Assessing construct validity

As outlined earlier, there are several types of validity we might evaluate regarding benefits-versus-
risks evaluations of an emerging technology. The present empirical analysis focuses on construct
validity, i.e., how the variable of interest itself relates to other theoretically relevant variables. The
aim here is to determine if using a less precise (i.e., unreliable) measure inhibits us from making
accurate (i.e., valid) inferences regarding the relationships between variables.

First, we revisit the original responses to the two single-item measures across data sets—the
distributions are strikingly similar. Just over half of respondents (56.8% and 58.5% for nanotech-
nology and biofuels, respectively) selected the middle category, with the remainder split unevenly
between “risks outweigh benefits” (14% for nanotechnology, and 12.6% for biofuels) and “benefits

Table 2. Comparison of single-item distributions with reduced multi-item categories based on three-way
split of sample distribution

Single-item response Recoded multi-item index
Risks outweigh Risks and Benefits Total
benefits benefits equal outweigh risks
Nanotechnology
Risks outweigh benefits 56.1% 28.0% 15.9% 100.0%
Risks and benefits equal 35.7% 34.2% 30.0% 100.0%
Benefits outweigh risks 11.4% 30.7% 58.0% 100.0%
Total 31.3% 32.3% 36.4% 100.0%
Biofuels
Risks outweigh benefits 84.5% 11.3% 4.2% 100.0%
Risks and benefits equal 33.3% 43.9% 22.7% 100.0%
Benefits outweigh risks 5.5% 22.7% 71.8% 100.0%
Total 31.7% 33.7% 34.6% 100.0%

Note. N = 607 (nanotechnology), 564 (biofuels). Cell entries are row percentages.
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outweigh risks” (29.2% for nanotechnology, and 28.9% for biofuels). A key question for this
single-item measure should be whether the similarities in distributions are due more to the question
format than its content.

Second, we address the validity of the single-item measure of benefits versus risks.* To do so,
we compare the means on a series of external criteria across the three possible response categories
and test for differences using an omnibus one-way analysis of variance. In Table 3, we report
descriptive statistics on nine criterion variables for the two technologies. Looking first at the results
for nanotechnology, across the three categories of the single-item measure we find significant dif-
ferences on sex (males are more likely to self-categorize into “benefits outweigh risks™), education,
and attention to news media (where higher levels of these variables correspond to an increased
likelihood of self-categorizing into the same “benefits outweigh risks” category). There were no
significant between-groups differences on age, political ideology, or issue-specific knowledge. For
biofuels, we found significant differences that are not at all similar. For this issue, age (younger
respondents more likely to self-categorize in “benefits outweigh risks” category), sex (males much
more likely to self-categorize into “risks outweigh benefits™), education (lower levels correspond to
greater likelihood of responding “risks and benefits about equal”), and issue-specific knowledge
(lower levels associated with “benefits outweigh risks”) yielded significant differences. There were
no differences in political predispositions or across the four measures of attention to news media.

Taken together, these across-issue comparisons provided no discernible patterns of response
likelihood across the three categories of the single-item measure. Respondents seemed to be basing
their answers to these questions, at least in part, on considerations related to the attitude object
(nanotechnology or biofuels), suggesting some level of construct validity even in the absence of
precise measurement.

A second comparison concerned the validity of the single-item and multi-item measures as
dependent variables in an ordinary least squares regression model. In spite of the evident lack of
reliability in the former measure, we present this comparison to illustrate the possibly erroneous
inferences that may be drawn from such analyses. We are therefore primarily interested in differ-
ences in models within each issue rather than across issues.

The comparison models for the nanotechnology survey are reported in Table 4. As expected,
both the zero-order correlations and upon-entry regression coefficients are attenuated when com-
paring the single-item to multi-item dependent variable models. These slight differences in magni-
tude, however, are less of a concern than are the missing significant relationships between the two
models. The model predicting the highly reliable multi-item dependent variable unambiguously
revealed positive relationships with nanotechnology knowledge and attention to science news on
television. These findings are fairly consistent with past research in this area (e.g., Brossard et al.,
2009; Cacciatore et al., in press; Lee, Scheufele and Lewenstein, 2005), but are missing in the
model predicting the alternative dependent variable.

Results for the pair of biofuels models are reported in Table 5. The most notable discrepancy
between these models is the absence of a significant effect for political partisanship in the first
model, but its strong presence in the second. The absence is not trivial, considering the major role
that partisanship plays in determining how citizens view biofuels and alternative energy technologies
in the U.S. (Brigham Schmuhl et al., 2010).

6. Discussion

The goals of this study were two-fold. First, we evaluated single-item versus multi-item measures
of perceptions of risks-versus-benefits of two emerging technologies. Second, we sought to
demonstrate how differences in measures can influence the validity of inferences drawn from

Downloaded from pus.sagepub.com at ARIZONA STATE UNIV on January 12, 2011


http://pus.sagepub.com/

Public Understanding of Science XX(X)

12

snowoloydIp Joj partoda.

'sdnoJd 994y1 aya sso.de saduLIRYIp JUBDYIUSIS 10) 1591-4 SNGIUWO d.e A3ojouyda) Yoes o) (‘8IS YAONY) SUWN|OD [BUl By 'SI|geLIBA
S.Je $93BIUSDIS 'SI|qElIBA SNONUIIUOD J0) pa1ioda. aJe (sasayiuaded Ul) SUONBIASP PJBPUBIS PUB SUBSI "[00° S Gy ‘10" S Tuex ‘SO° S Ty 910N

€91 0€€ I 9/1 I3 z8 (N)

(960 (080 (60°€) (1€9) (050 (160 (dN) ®uaps

's'u S0'S 90°'S €S stk 899 us 9T'S 03 uopuaNy

(60€) 60 (81°¢) (e€7) (€50 (120 (dN) sanijod

's'u 18°S S8'S 819 stk vi'L €19 009 03 uonuaNy

(L0 (8%0 (00°€) #s (€90 (667 (AL) ®>uaps

s'u 18°S 14X ¥S'S otk 95'S ory 6E¥ 03 uopuaNY

(T (zZs0) (00°€) (6277 (580 (zoe) (AL) samijod

's'u 099 19 €79 stk 179 v1'S 91'S 03 uonuaNy

(s (65°1) (er'1) T 1) (ss1)

% Uy SIS 90°'S 's'u 86'€ X 69°€ a3pajmouy

T (010 (s /U B/U B/u  (3ead0wWwR(Q)

‘Ss'u [0l 91 v 69°€ e'/u '/u e/u ’/u n__r_mcmm_.tmn_

/U e/U /U (1) (gg1) (8%'1)  (eaneadssuod)

/U /U /U /U s'u 80% YTy 81y A3o|oap|

(8z'1) (Z4)) G¥1) (z60) (zon) (z60)

ook 9€'s LY 9%'S otk SE'S ¥8'¥ 1LY uonesnpy

ook %64 0 %6L'8€ %L 0L ook %St°09 %ET9E %00 0% (erew) xag
#1°s1) (€891) (ev1) (#€91) (9181) (zz81)

sk 06'€S 16'8S 0185 's'u 15°9% T£08 ¥b'0S a8y
315 S|Sld |enbs STIEIEY| S|Sld |enbs STIEIVEY|
VAONY YSiomino syysuag  siyauaq pue sysiy  YSiomino isiy ‘SIS YAONY  YSI9MINOo siyauag  saiyauaq pue sysiy  Y31omino syjsiy

sjenjolg

A8ojouyda3oueN

K103918> Wanl-aj3uls Aq $3|qeLIBA UOLI9ILID UO sueaw jo uosiliedwo?) *¢ ajqe

Downloaded from pus.sagepub.com at ARIZONA STATE UNIV on January 12, 2011


http://pus.sagepub.com/

Binder et al.

Table 4. Zero-order correlations and results of OLS regressions predicting benefits versus risks for
nanotechnology based on single-item and multi-item measures

Single-item dependent

Multi-item dependent variable

variable
Zero-order B Zero-order p
Block |: Demographics
Age —.08%* -.07 — 0¥ .00
Sex (male) 7 A3 22 23
Education 23k 23k 28#E 24k
Incr. R2 (%) - 9.9¥ix - 1 4. 4%
Block 2: Cognitive schema
Ideology (conservative) —-.04 -.03 -.05 —-.04
Knowledge .06 -0l |4k .09%
Incr. R2 (%) - 0.0 - 1.3*%
Block 3:Attention to media
Political news (TV) 4% .03 3% -.06
Science news (TV) 7k .02 27k 22%F
Political news (NP) 7wk .00 7wk .07
Science news (NP) Wl koo .13 23k -.03
Incr. R2 (%) - 2.5% - 3.77%k%
Model R2 (%) - 12.5 - 19.3

Note: *p < .05, *p < .01, ***p < .001. N = 607. Cell entries under “zero-order” heading are Pearson’s r correlation
coefficients and standardized regression betas under “B” heading.

Table 5. Zero-order correlations and results of OLS regressions predicting benefits versus risks for
biofuels based on single-item and multi-item measures

Single-item dependent

Multi-item dependent

variable variable
Zero-order B Zero-order B
Block I: Demographics
Age —I* —. | 4% -.07 — 3%
Sex (male) — | 4% — | 4 — | 2% — 13
Education .05 .04 -.03 —-.04
Incr.R2 (%) - 3.5k - 2.9%%
Block 2: Cognitive schema
Partisanship (Democrat) .08 .06 .| 8wk L 5wk
Knowledge —-.09% — |2 —-.09% — 2k
Incr.R2 (%) - 1.6%* - 3.7
Block 3:Attention to media
Political news (TV) .03 .04 .07 .07
Science news (TV) .02 03 .09% .04
Political news (NP) -.03 -.05 -.03 —-13
Science news (NP) -.03 -0l .0l .08
Incr.R2 (%) - 0.5 - 1.2
Model R2 (%) - 5.6 - 6.4

Note: *p < .05, ¥p < .01, ¥¥p <.001. N = 593. Cell entries under “zero-order” heading are Pearson’s r correlation
coefficients and standardized regression betas under “B” heading.
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statistical models. The results have important implications for undertaking public opinion sur-
veys, and for communication of survey results to a wide variety of different audiences, including
policymakers, scientists, and journalists. Before elaborating upon these implications, we discuss
several potential limitations of this study.

One potential limitation is assuming that errors associated with measurement are intrinsic to the
survey respondent rather than considering extrinsic factors (e.g., the structure of the survey ques-
tionnaire). Such effects have been postulated elsewhere (e.g., Cacciatore et al., in press) and may
hamper our comparison across two surveys of different populations. We are confident, however,
that extrinsic factors had little influence on our analysis for two reasons. First, the questionnaire
structures for our external criterion variables were uniform, i.e., both surveys began with questions
about news media attention and ended with measurement of demographic characteristics. Second,
the batteries of risks and benefits items were randomized within blocks to minimize question-order
effects. While the order of these blocks differed between surveys, analyses looking at the potential
effects of question wording (not reported here) revealed no systematic differences due to question-
naire structure.

A second limitation is our evaluation of measures in the context of two specific technologies.
We believe this in-depth analysis is a valuable return to the fundamentals of survey measurement
and how it can influence policy decisions. Further research is certainly needed, particularly beyond
the single-item versus multi-item comparison we conducted. Future inquiries may also benefit
from incorporating a diverse set of methodological tools for assessing respondents’ perceptions of
risk and attitudes toward scientific issues. These methodological tools may include, but should not
be limited to, factor and principal components analyses (e.g., Klop and Severiens, 2007; Pardo and
Calvo, 2002), as well as cluster analysis (e.g., Klop and Severiens, 2007).

Finally, the present study focuses on comparisons between a single, global measurement of
benefit vs. risk perceptions with a measurement consisting of multiple risk and benefit indicators
from several contexts. The latter form of measurement may not be suitable for determining overall
evaluations toward emerging technologies. Rather, it may be described more accurately as a mea-
sure of attitudes toward particular classes of risks and benefits (e.g., economic risks and benefits or
environmental risks and benefits). Future research should explore how specific classes of risks and
benefits determine more global evaluations toward science issues.

Measurement implications

Given the results of our investigation, the implications for survey measurement are relatively clear:
single-item measures that ask respondents to make complex judgments of a potentially unfamiliar
attitude object can be plagued by random error. Of course, we saw a great deal more error present
in evaluations of nanotechnology. At least part of this unreliability is likely due to a lack of famil-
iarity with this issue compared to biofuels, though the general public also seems quite unfamiliar
with the different facets of this latter issue as well (Wegener and Kelly, 2008).

It is also problematic in terms of the specific risks and benefits that come to mind among
respondents. Concerns related to face and content validity should receive more attention from
researchers considering the very different notions that underlie experts’ and scholars’ perception of
risk versus lay publics’ (Slovic, 1987). As emerging technologies become more familiar, it becomes
necessary to account for distinct domains in which they may differ in their risks and benefits
(Cacciatore et al., in press). A multi-item measure does little to overcome these validity shortcom-
ings unless it is based upon a battery of theoretically derived indicators.
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The overall implications of using either of the two measures for assessing the dynamics of public
opinion toward emerging technologies, however, was made most clear with our joint assessment of
construct validity. Violations of the assumptions of multiple regression notwithstanding (i.e., using
a categorical measure as dependent variable; see Wooldridge, 2003), existing research that has used
a single-item measure of a “benefits-versus-risks” construct may have led to flawed conclusions.

Implications for communicating public opinion of science

Such inferential errors have direct implications for disseminating results of studies examining
public opinion of science. We find ourselves in an era of press/politics, where the reporting and
production of survey results has become a cottage industry among media outlets in addition to
scholarly endeavors (von Hoffman, 1980). While professional associations can provide some
oversight of survey-results-as-news, it is ultimately an ethical responsibility for researchers to
employ the best measures available. This includes assessing reliability and validity of measure-
ment, as well as distilling results for a variety of audiences, including journalists—who may have
little experience with science (Friedman, Dunwoody and Rogers, 1999), let alone social science—
in reporting summaries of public opinion research results. It also includes further theoretical work
that might delineate appropriate contexts in which to measure evaluations of emerging technolo-
gies, such as political, economic, or social/ethical domains. Multivariate analysis of latent con-
structs requires the interchangeability of indicators from within the same universe of items
(McLeod and Pan, 2005), and accounting for issue contexts should therefore be a priority for
future research.

While our focus with this study has important implications for public opinion researchers, a
final additional concern is communicative in nature. Although the social researcher and the jour-
nalist, for example, may be interested in an examination of the same phenomenon, their approaches
may be very different from one another (Tankard, 1976). As a result, we make two recommenda-
tions for researchers. First, as our results indicate, they should avoid using single-item measures of
complicated judgments when respondents are unlikely to be able to categorize their views correctly.
Second, even if researchers are able to rely on more valid and reliable measures of public views,
they have a responsibility to translate them into results that are meaningful to journalists, policy-
makers, and—ultimately—the general public. Limits on available resources for including multiple
questions undoubtedly pose problems for the first recommendation. We chose to use a large num-
ber of indicators for our examination in part because they were available to us. Assessing public
views based upon even two indicators will be better than relying on a single-item measure that may
yield results fraught with error.

To the extent that scholars are focusing on the systematic consultation of public views (Rowe
and Frewer, 2005), we should always keep measurement in mind as a fundamental component of
theory-building and refinement (Chaffee, 1991; McLeod and Pan, 2005). We view our study as a
valuable step toward prioritizing measurement in order to further our knowledge of fluctuating
public opinion in the area of scientific and technological risk.
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Notes

1 Of course, there may be no singular latent construct of “risk perception” or “benefit perception” across
technologies. In this study, we focus on comparing a single, global judgment of benefits-versus-risks to
a theory-driven, multiple-indicator measure. These indicators are based upon survey questions with tech-
nologies situated in a specific context. We discuss the implications of this approach in our conclusions.

2 In developing questions that place the technology into a specific risk or benefit context, we rely on the
assumption that “one subset of items from the universe of the underlying concept is interchangeable
with another subset from the same universe, and thus there is an empirical homogeneity among the items
from the universe” (McLeod and Pan, 2005: 44). The implications of this assumption are discussed in
our conclusions.

3 We refer to the population parameters with the following shorthand: Mo for “risks outweigh benefits”;

u

equal fits
4 This might seem to be an irrelevant comparison, given the low levels of reliability in the previous section.

for “risks and benefits about equal”’; and Mo for “benefits outweigh risks.”

However, testing the validity here will enable us to evaluate if certain individuals are more likely to self-
select into one of the three categories regardless of issue context. Thus, we focus on assessing its validity
as a general, global response tendency.
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