Mass Attitudes and the Relationship Between Nuclear
Power and Nuclear Weapons

Jonathon Baron

June 19, 2020

Abstract

The technical linkages between nuclear power and nuclear weapons have driven policy-
making on civilian nuclear energy since the birth of the commercial industry in the 1950s.
However, surprisingly little research considers how the two technologies may be linked in
mass attitudes. Such inattentiveness is especially problematic in an era where nuclear power
continues to be promoted internationally as a means of combating climate change, even as non-
proliferation remains a core objective of US foreign policy. In this paper, I use survey exper-
iments run in parallel in the United States and Japan to propose a previously under-theorized
explanation of how mass publics relate civilian and military nuclear technologies. Using a
multi-staged experimental design with machine-learning methods for efficiency, I construct
effective persuasive treatments to assess the effects of persuasive messaging on attitudes to-
ward nuclear power and nuclear weapons in both countries. I find that attitudes toward the two
technologies are correlated in both countries, and that negative persuasive messaging yields
cross-domain effects among US citizens, providing novel evidence of functional interdepen-
dence. Japanese citizens, on the contrary, are resistant to persuasive messaging on nuclear
technologies, and show no signs of attitudinal spillover. Together, then, these experiments of-
fer important new insight into the nature of attitudinal constraint among the US mass public,
while underscoring the distinctions in constraint across comparative cases.

1 Introduction

In the early 1950s, under the shadow of deepening conflict with the Soviet Union, the Eisenhower
administration was keen to shed public memories of the United States’ wartime use of nuclear
weapons in Hiroshima and Nagasaki. As part of a massive endeavor to transform public opinion,
in 1953 Eisenhower delivered his famous “Atoms for Peace” speech, launching the namesake pro-
gram that would provide civilian nuclear technologies to allies across the world. Over the following
years, as US political and industry elites engaged in ranging efforts to promote civilian nuclear en-
ergy both domestically and internationally, a central focus remained the redefinition of nuclear



energy as a force for peace and prosperity, distinct from the atom’s military uses (Boyer, 2005;
Cohn, 1997; Medhurst, 1997). The United States was joined in this endeavor by enthusiastic coun-
terparts across the world, but perhaps its most emphatic partners were elites within the Japanese
government and fledgling nuclear industry (Kuznick, 2011; Takekawa, 2012; Zwigenberg, 2012).
Like their American compatriots, Japanese actors also engaged in extensive promotional activities
through the 1950s and 1960s in order to foster support of nuclear power, and distance this civilian
use from the shadow cast by weapons that had been used against the country not ten years prior.
While these efforts met with considerable early success in both nations, from the 1970s onward,
US public attitudes toward nuclear power turned decidedly downward. In contrast, Japanese elites
met with broad and lasting success. Acceptance of nuclear power remained high until 2011, shift-
ing only in response to the Fukushima Daiichi Nuclear Power Plant accident, despite extensive
opposition to nuclear weapons through the same period.

This comparison raises important questions regarding the nature of mass attitudes toward nu-
clear technologies (hereafter referred to jointly as “nuclear attitudes”) in both the United States
and Japan—two distinct nations with interconnected, yet ultimately divergent nuclear histories.
Much research has considered the causes of shifting support for nuclear power in the United States
(Rankin et al., 1981; Kasperson et al., 1988; Gamson and Modigliani, 1989), while others address
differences in mass support for nuclear power in the United States and in Japan (Cohen et al., 1995).
However, little work considers the extent to which persuasive messaging may influence attitudes
toward nuclear technologies in these countries. In particular, despite numerous informal sugges-
tions that attitudes toward nuclear weapons may influence support for nuclear power in the United
States (see, e.g., Pahner 1976; Otway et al. 1978; Kasperson et al. 1980; Slovic 1987; Kasperson
et al. 1988; Gamson and Modigliani 1989; see also Boyer 2005; Weart 1988, 2012), only recently
have scholars begun to investigate this relationship systematically using experimental methods
(Baron and Herzog, 2020). Moreover, although this work provides preliminary evidence of a link-
age between attitudes toward the two technologies, it also suffers from methodological constraints
that limit the generalizable insights researchers and policymakers might draw from the results.'

This article expands considerably upon existing research with evidence from parallel multi-
staged experiments conducted in the United States and Japan. Drawing on Converse (1964)’s
theory of attitudinal constraint in mass publics, I use persuasive information about both nuclear
technologies to examine the extent to which messaging about one technology affects attitudes
toward the other. I observe clear evidence of cross-domain effects of anti-nuclear power and anti-
nuclear weapons messaging in the United States, indicating a fundamental attitudinal relationship
between the two technologies driven by negative messaging (Converse, 1964). Japanese attitudes,
however, show no such indication of interdependence. Although the pro-nuclear power message
yielded significant positive effects on Japanese citizens’ attitudes toward nuclear power, Japanese
attitudes toward nuclear weapons are remarkably robust to persuasive messaging.

These results offer to shed new light on the nature of attitudinal constraint in mass publics, con-
trasting with other recent work that fails to find evidence of interdependence among US citizens
(Green et al., 2011; Coppock and Green, 2017), and provides conclusive evidence of the attitudinal

IBaron and Herzog (2020), for instance, rely on rudimentary experimental designs conducted on convenience
samples. As a result, these results offer only limited insight.



relationship between nuclear weapons and nuclear power in the United States. These findings thus
hold important implications for both theory and policy messaging in mass publics. In addition to
providing policy-relevant theoretical insights, the article also relies on a novel experimental design
featuring a number of methodological innovations for examining public opinion and politically
relevant attitudes. This approach, referred to as the Exploratory/Confirmatory Design, disaggre-
gates the research process into multiple phases, allowing the researcher to flexibly and efficiently
identify effective experimental manipulations in initial stages, before finally testing hypotheses.

The remainder of the article proceeds as follows. Section 2 introduces the article’s theoret-
ical foundation before offering a summary of historical attitudes toward nuclear technologies in
both the United States and in Japan. Section 3 describes the Exploratory/Confirmatory Design,
and its present application in order to assess persuasive dynamics and attitudinal relationships in
both countries. Section 4 presents the results of Study 1, in which I leverage a combination of
machine-learning methods with highly factorial treatments in order to identify the sources of atti-
tude formation in each country. Using the combinations of information that most shifted attitudes
in each domain, Section 5 presents the results of Study 2. Here, I find the first evidence of a dif-
ference in functional interdependence in the United States, versus in Japan. In the United States,
even the persuasive messages selected in Study 1 yield strong in-domain effects, and show promis-
ing initial signs of functional interdependence. In Japan, in contrast, the corresponding treatments
selected in Study 1 fail to yield broad attitudinal effects among respondents. Section 6 proceeds
to present results from Study 3, the confirmatory trial, indicating clear cross-domain effects in
the United States, but only inconsistent persuasive effects and no evidence of interdependence in
Japan. Finally, Section 7 offers concluding thoughts with extensions to nuclear policy between the
United States and Japan.

2 Theoretical Motivation and Historical Context

2.1 Theoretical Motivation

The present article draws its theoretical framework from Converse (1964)’s consideration of the
relationships between attitudes in mass belief systems. Converse (1964, p. 3) defines these belief
systems as “configuration[s] of ideas and attitudes in which the elements are bound together,” ei-
ther by what Converse (1964) goes on to describe as “static constraint”’—a relatively thin, solely
correlative relationship between idea elements—or interdependence (also referred to as “dynamic
constraint”)—whereby attitudes toward different concepts are fundamentally interrelated and mu-
tually constitutive, such that changing one “psychologically require[s], from the point of view of
the actor, some compensating change(s)” in related elements of the belief system.

The concept of functional interdependence is critical to the present analysis, because it provides
a means of actually identifying the extent to which attitudes toward distinct nuclear technologies
are fundamentally linked. Static constraint is insufficient to diagnose such a linkage, since atti-
tudinal correlations across domains could merely be a consequence of unobserved confounding
factors. For instance, individuals who support both nuclear power and nuclear weapons may do so
simply because of an underlying fascination with advanced technologies, without actually consid-



ering the two technologies to be linked. On the other hand, if attitudes toward two idea elements
are fundamentally connected, then changing attitudes toward one must also influence attitudes to-
ward the other. In the present context, where persuasive manipulations designed to shift attitudes
in each domain are randomly assigned, any treatment effects across domains can be attributed to
changes in attitudes toward the out-of-domain technology. Such effects would therefore imply an
underlying attitudinal linkage between the two technologies, since the only causal pathway through
which attitudes shift is through out-of-domain persuasive messaging.

The few experimental studies that directly investigate functional interdependence in mass at-
titudes find little support for it in mass publics (Green et al., 2011; Coppock and Green, 2017).
However, there is reason to believe that attitudes toward nuclear technologies are fundamentally
linked in the American context. Numerous existing studies note the possibility that US attitudes
toward nuclear weapons are related to, or even constitutive of, attitudes toward nuclear energy
(Slovic et al., 1976, p. 5; Otway et al., 1978, p. 117; Kranzberg, 1980, p. 330; Kasperson et al.,
1980, p. 12; Slovic, 1987, p. 285; Kasperson et al., 1988, p. 185; Gamson and Modigliani, 1989).
Pahner (1976) offers an intriguing examination of the relationship from a psychological theoreti-
cal perspective, suggesting that opposition to nuclear power stems directly from fears associated
with nuclear-arms use. Weart (1988, 2012) presents extensive historical and archival evidence to
advance the claim that both nuclear weapons and nuclear power are linked by archetypal imagery
of destruction and unnatural human action; whereas Boyer (2005) uses similar methods to point to
linkages that existed in the first five years of the Atomic Age. More recently, Baron and Herzog
(2020) used a combination of survey and survey-experimental methods to assess the relationship
between nuclear attitudes. They provide evidence from a national survey to show that Americans’
attitudes toward nuclear technologies are statically constrained, while using convenience-sample
surveys to provide initial experimental evidence of interdependence in these beliefs.

While theoretically informative, these studies suffer from various limitations that reduce their
suitability as a basis for the present analysis. To begin with, most of these studies are clearly
dated, with relatively little new work having been produced in the last several decades. As well,
the majority of work positing a relationship between nuclear arms and nuclear weapons in mass
attitudes is qualitative, or else relies on solely observational data, making it difficult to discern po-
tential evidence of static constraint from functional interdependence. Although Baron and Herzog
(2020) represents a new line of potential research, the insights from this work remain limited: the
study’s only causal claims rely on a convenience-sample survey using rudimentary, and asymmetri-
cal experimental treatments. Finally, existing work on the attitudinal relationship between nuclear
weapons and nuclear power focuses specifically on the United States, meaning still less is known
about how nuclear attitudes may be constrained in other national contexts. The present study ad-
dresses all of these issues, with new experimental studies conducted in parallel in the United States
and Japan. Given the comparative nature of these experiments, the remainder of this section thus
provides a historical treatment of mass attitudes toward nuclear technologies in each country, with
reference to the foregoing theoretical discussion.



2.2 Historical Attitudes Toward Nuclear Technologies
2.2.1 Nuclear Attitudes in the United States

A centerpiece of American nuclear and foreign policy throughout the 1950s, the Atoms for Peace
program served as the vehicle for a massive persuasive messaging campaign with global reach. By
all measures, the program was a staggering success in establishing a civilian nuclear energy infras-
tructure, both domestically and abroad. Moreover, the campaign effectively stoked public enthu-
siasm regarding civilian nuclear energy. Nonetheless, these triumphs only represented the Atoms
for Peace campaign’s more superficial objectives; at the core of the program was an intent to more
fundamentally transform mass perceptions of nuclear power relative to nuclear weapons. Owing
in part to the institutional cohesion of the so-called iron triangle—a subgovernment formed by the
pro-nuclear Atomic Energy Commission (AEC), Joint Committee on Atomic Energy (JCAE), and
the nuclear industry itself (Baumgartner and Jones, 2009)—the proponents of nuclear power were
able to establish an effective monopoly on informational messaging in service of this ultimate goal
of disentangling the two technologies. In fact, the debut of Atoms for Peace was itself timed to
redirect public attention from new nuclear-weapons developments, such as the new development
of the Nautilus submarine and the Castle series of hydrogen-bomb tests in early 1954 (Medhurst,
1997). Additional efforts to manage mass attitudes toward the two technologies proceeded uninter-
rupted throughout the remainder of the 1950s, and over the course of the 1960s, with establishment
interests using all means at their disposal for reaching mass publics: proponents of nuclear power
took to radio, print, television, traveling conventions, and expositions in order to convince the
public to embrace the peaceful atom, irrespective of their misgivings regarding its military cousin
(Boyer, 2005; Weart, 2012). As the US public came to recognize this distinction, early reticence
to adopt nuclear power among utilities also reversed—due in large part to manufacturer guarantees
for turnkey projects.’

The sweeping reach of AEC and industry messaging during these early years of the commercial
nuclear industry helped to establish broad support for the technology that remained high through
the 1970s, persisting even through the 1979 Three Mile Island (TMI) accident. At the same time,
opinion polls conducted from the early-1970s onward showed growing doubt about the technology
among the US public, while mounting anti-nuclear activism introduced a strong voice of active op-
position, armed with its own persuasive appeals (Kasperson et al., 1980; Mazur, 1981; Del Sesto,
1983; Joppke, 1993). Previously, large shares of respondents to surveys conducted through the
1970s had been undecided about the technology, providing “Don’t know” responses to questions
about nuclear power. However, this proportion dwindled as the decade progressed, with uncertain
respondents apparently realigning to express critical perspectives on the technology. As the pro-
portion of Americans opposed to nuclear power appeared to be increasing, the TMI accident in
1979 and the 1986 Chernobyl disaster appear to have acted as additional catalysts for anti-nuclear
opinion, which has remained high since (Riffkin, 2016; Reinhart, 2019).

Much work has sought to address this secular shift in attitudes toward nuclear power, with a
dominant perspective among historical accounts highlighting the role of members of the environ-
mentalist movement. Environmentalist activism against nuclear power began in the 1960s, but

2See Cohn (1997); Bupp and Derian (1981); Downey (1986).



entered the political mainstream with full force in the early 1970s, around the time that changes in
opinion surveys first become apparent (Kasperson et al., 1980; Joppke, 1993). Early anti-nuclear
activism began with grassroots opposition to local siting decisions. With the apparent success of
early actions during the 1960s (e.g., toward the Bodega Head plant, which was canceled in 1964;
see, as well, Downey, 1986, regarding the local interventions against the Bailly nuclear plant start-
ing in 1972), and the passage of the National Environmental Policy Act of 1969 (Baumgartner and
Jones, 2009), the AEC held a series licensing hearings on nuclear plants’ emergency core cool-
ing systems (ECCS) in the early 1970s, which environmentalists seized on to publicize safety and
regulatory issues Del Sesto (1983). Kasperson et al. (1980) describe these hearings as a rallying
point for anti-nuclear activists to form a broad coalition that, by the mid-1970s, had catapulted
itself into mainstream national politics. These developments were disastrous for the iron triangle:
the AEC was dismantled in 1975, and the JCAE was abolished in 1977 (Kasperson et al., 1980;
Baumgartner and Jones, 2009).

The movement thus secured the ability to exert considerable influence over public attitudes to-
ward nuclear power with its own mass persuasive messages (Mazur, 1973, 1981; Kasperson et al.,
1980; Joppke, 1993; Weart, 2012). Critically, much of the content produced by the anti-nuclear
movement evoked the very linkage between nuclear technologies that the pro-nuclear establish-
ment had spent the preceding decades working to unseat; anti-nuclear activists consistently de-
scribed nuclear power as unreliable, unsafe, and even deadly (Tamplin and Gofman 1970; Weart
2012, p. 184), both explicitly and implicitly relating the civilian usage of nuclear energy to apoc-
alyptic imagery and appeals associated with nuclear weapons opposition (see, e.g., Croall and
Sempler 1979).

It is not possible to identify whether such persuasive messaging by anti-nuclear activists was an
important cause of shifting mass attitudes toward nuclear power beginning in the 1970s. Numerous
other potential factors have been advanced to explain souring American opinion on nuclear power.
For instance, the reality of major delays and cost overruns in plant construction (Cohn, 1997), and
the occurrence of salient accidents including the Browns Ferry accident in 1975, TMI in 1979,
and Chernobyl in 1986, together made the economic downsides and safety risks of nuclear power
increasingly clear to the mass public. With mounting criticism among mainstream media sources
(Mazur, 1981; Van Der Pligt et al., 1986; Gamson and Modigliani, 1989), and the collapse of
the iron triangle (Baumgartner and Jones, 2009), the support engineered by proponents of nuclear
power over the 1950s and 1960s was no longer sustainable with pro-nuclear messaging. How-
ever, it is plausible that persuasive messaging linking the nuclear technologies could have affected
opinion during this period.

Elite messaging is widely thought to have the power to influence public opinion (see, e.g.,
DellaVigna and Gentzkow 2010; Zaller 1992; Druckman 2001). Additional indication of the influ-
ence of persuasive messaging in the domain of nuclear attitudes is provided by a handful of studies
that have utilized information about nuclear energy to assess the influence of psychological fea-
tures such as attitude accessibility and elaboration. Haugtvedt and Wegener (1994), for instance,
assesses the ordering effects of pro- and anti-nuclear persuasive messages, while also manipulat-
ing the “personal relevance” of the message, to show that low relevance can yield less-favorable



attitudes regarding nuclear power.” Though unsurprising in its substantive findings, Fabrigar et al.
(1998) find that strong arguments against nuclear power produced significantly more negative at-
titudes toward the technology than did weak arguments.” Additional research examines the role
of interest-group politics in shifting attitudes toward nuclear technologies (Del Sesto 1979, 1983;
Girondi 1983; see also Mazur 1973, 1981; Gamson and Modigliani 1989; Mazur 1990).

The present study seeks to provide a more direct, and more complete, test of persuasion in
this domain. Underlying this investigation is the premise that, while we cannot expect to isolate
the historical effect of persuasive messaging in the 1970s on downstream public opinion toward
nuclear power, it is possible to test the implications of such historical persuasive effects in current-
day settings. If persuasive messaging had no (lasting) effect on mass attitudes, then we will fail to
reject the null hypothesis of functional interdependence. On the other hand, to the extent that per-
suasive messaging linking the two technologies did cause an enduring shift in mass attitudes, we
would expect mass publics to continue to hold the belief that nuclear power and nuclear weapons
are somehow linked—i.e., functionally interdependent. Of course, this approach remains incom-
plete: evidence of present-day functional interdependence is still insufficient to identify persuasive
messaging about the linkage between the two technologies as the key explanatory factor. Nonethe-
less, the use of experimental persuasive manipulations to assess functional interdependence in the
domain of nuclear technologies still allows us to get some traction on these questions, by exploring
the implications of historical persuasive efforts by advocates against nuclear power.

2.2.2 Nuclear Attitudes in Japan

From the mid-1950s onward, Japan expended considerable effort to build up a peaceful nuclear
infrastructure, establishing in the process an expansive commercial industry (Kim, 2017). This
success was motivated in large part by initial ambition among a cadré of political, technical, and
industrial elites to adopt and develop nuclear energy as a means of repurposing the technology for
peaceful uses (heiwateki riyo; FREy R FD following the use of nuclear weapons in Hiroshima
and Nagasaki. Among these influential elite circles, the Pacific War was often construed as an
energy war—resulting from the insecurities posed by Japan’s scarce fossil-fuel resources (Yergin,
1991; Kawamura, 2007). In addition to providing a means of reconceptualizing the victimization of
the atomic bombings, the promotion of nuclear power thus also offered an opportunity to establish
an indigenous fuel source (World Nuclear Association, 2019) that could eliminate the reliance on
fossil fuels and transform the broader tragedies of World War II into a force for peace (McCormack
et al., 2007; Nelson, 2011; Kurosaki, 2017).

Unsurprisingly, the Japanese public did not immediately regard nuclear power with the same
level of enthusiasm as did elites. According to Nelson (2011), a 1956 US Department of State
survey found that nearly 40% of Japanese respondents thought nuclear power would do more

3The experiment specifically randomized whether a message noted nuclear plants being built in nearby or dis-
tant states, as a means of manipulating relevance (Haugtvedt and Wegener, 1994, p. 212). Among subjects in the
“low-relevance” group, pro/con message order yielded less-favorable attitudes toward nuclear power; this pattern was
reversed among “high-relevance” subjects.

“The proximate objective of Fabrigar et al. (1998) was to assess attitude accessibility and argument quality.



harm than good; only 22% believed the benefits outweighed the costs.” As in the United States,
then, the Japanese “government and electric utilities [sought to promote] the nuclear power option
relentlessly, starting a public relations campaign in the mid-1950s that strove to cement a positive
image of nuclear power in the public eye” (Nelson, 2011). Paralleling the US experience, Japanese
promotional activities ranged from multi-media advertisements, to large-scale expositions, such as
an influential 1956 exhibit at the Hiroshima Peace Museum where even atomic-bomb survivors
responded enthusiastically to the notion of peaceful uses of nuclear energy (Zwigenberg, 2012).
This was, of course, no coincidence. Much Japanese promotional activity drew directly from the
Atoms for Peace program (Nelson 2011; Kelly 2014, p. 835). The US and Japanese nuclear
industries were also closely affiliated—*"“four out of the five competing Japanese nuclear groups
had links with US firms by 1956 (Kelly 2014, p. 835; see also Samuels 1987; Morris-Suzuki
1994).

Amidst this broad campaign, establishing a distinction between nuclear power and nuclear
weapons remained central, and pervaded government messaging on nuclear policy. According
to Aldrich (2010), both national and local governments sought further to simultaneously provide
the impression of an open venue for citizens to air concerns about the burgeoning technology
(as the American AEC had intended to do when it opened its licensing hearings to the public in
1957), while simultaneously stymieing concerted opposition. Exemplifying this approach were
numerous town hall meetings where discussion was nonetheless constrained to an already-tight
schedule, with all public questions pre-screened and selected by establishment officials well in
advance of the meetings themselves (Aldrich, 2010). These efforts were so extensive that they
were ultimately reflected in the very language used to describe the technologies: nuclear power
came to be described almost universally as “atomic” energy (genshiryoku; |5-¥-7]), in contrast
to “nuclear” weapons (kakuheiki; ¥%1%25; Baron, 2016).° Interestingly, similar attempts by US
industry actors to distinguish “atomic” weapons from “nuclear” energy” clearly failed (Weart,
2012, p. 92).

Indeed, Japanese advocates of nuclear power met with considerable success in the earlier years
of the Atomic Age—more so, even, than did their American counterparts. Unlike in the United
States, Japanese public support for nuclear power remained strong and stable up until the 2011
Fukushima Daiichi nuclear disaster. In surveys conducted between 1993 and 2011, Kitada (2016,
p- 1693) shows that over 65% of the population found nuclear power to be either useful or very

3In contrast, a 1948 Gallup poll found 42% of Americans thought atomic energy would do more good than harm.
A Roper (1957) poll conducted a year after the referenced Japanese survey found that 20% of Americans surveyed
thought atomic energy was “almost sure to bring great benefits to mankind,” while 56% at least felt that atomic energy
could “help us, only if we use it wisely.” Note that the latter question did not ask respondents about their views toward
atomic power. Instead, respondents were provided the following: “There is a lot of talk that atomic energy can either
open up a new era of progress and prosperity, or destroy us all. Which of these statements comes closest to expressing
what you think will probably happen in the long range future ... atomic energy is almost sure to bring great benefits
to mankind, atomic energy can help us, but only if we learn to use it wisely, atomic energy is likely to harm us, as it
is doubtful whether we will learn to use it wisely, or atomic energy is almost sure to bring destruction through nuclear
war?”’

%The word kaku (F%) is, however, not-infrequently used to refer to technical elements of the nuclear fuel cycle, e.g.,
in reference to nuclear reprocessing (kakusaishori; 1% LEE).

7Survey data do not exist for each year in this period. Omitted years include 1994, 1995, 2001, 2008, and 2009.



useful to “Japanese society and daily life.”® Through the same period, at least 55% of the popu-

lation held the view that nuclear power was either good or necessary to utilize. Attitudes toward
nuclear power have even remained stable following nuclear accidents. Kotler and Hillman (2000)
indicate, for instance, that opinion barely shifted in response to the 1995 Monju Nuclear Power
Plant accident; a similar passiveness was observed following the 1997 Tokaimura accident. The
Fukushima Daiichi accident does represent an obvious departure. A Pew report from June 2012
showed that 70% of the public support reducing the use of nuclear power in Japan (Pew Research
Center, 2012).” At the same time, support for nuclear power appears to be rebounding (Yamada,
2019), and increased government action aimed at restarting nuclear plants over the last several
years has met with little objection from the mass public.'” Proprietary survey results provided to
me by representatives of the Japan Atomic Industrial Forum also suggest a decline in opposition
to nuclear power since 2016 (Japan Atomic Industrial Forum, 2019).

While nuclear power has historically maintained considerable support among the Japanese
public, citizens also show overwhelmingly negative views toward nuclear arms and nuclear-arms
acquisition. A 1999 Gallup poll showed upwards of 80% of Japanese respondents “believe[d] the
development of the atomic bomb was a bad thing”; almost 90% said there was no need for Japan to
proliferate (Gallup, 1999). According to the 2007 Pew Research Center Global Attitudes survey,
68% of Japanese respondents cited the spread of nuclear arms as the greatest threat to the world
(Rosentiel, 2010). Importantly, these attitudes appear to remain highly stable, even in response to
major potential shocks. For instance, opposition remained surprisingly high, even in the month
following North Korea’s first nuclear test, Mochizuki (2007) describes how national polls showed
80% of the public remained supportive of the three non-nuclear principles, forgoing possession and
manufacture of nuclear arms, as well as the introduction of foreign nuclear weapons into Japanese
territory.'! The same poll showed that 50.5% of respondents opposed even the positioning of US
nuclear weapons in Japan in response to the North Korean threat. According to a Yomiuri Shimbun
poll cited by Hughes (2007, p. 89), nearly 51% of respondents opposed considering nuclearization,
though approximately 46% agreed that debating the question was reasonable. Mochizuki (2007)
notes the role of Japan’s national identity as a defense-oriented “peace state.” A more recent
survey found that approximately 69% of the Japanese population opposed the state proliferating,
even conditional on North Korea maintaining its nuclear arsenal (The Genron NPO, 2017).

Overall, these historical regularities—the clear differences in Japanese attitudes toward military
and civilian nuclear technologies, and the impressive stability of these attitudes—hold important
implications for the nature of persuasive messaging about nuclear technologies in Japan. The sub-
stantial differences in public opinion regarding the two technologies suggests a decoupling of the

8The January, 2011 figure was 61%.

9Similarly, whereas 46% of respondents supported maintaining nuclear power in 2011, by 2012 that number was
down 21 points to 25% (Pew Research Center, 2012).

107t is also true that concerns also existed prior to the accident. Over 20% of the population expressed that they
were “extremely anxious” about nuclear accidents in nearly every survey presented by Kitada (2016) in the period
from 1993 to 2011. Citing a 1999 Prime Minister’s Office poll Kotler and Hillman (2000) describe that 68.3% of
respondents expressed being worried about nuclear power generation. On the surface, then, while Japanese attitudes
toward nuclear power have historically appeared positive chronic concerns have persisted (Yamada, 2019).

"For more information on these principles, announced in 1967 by Prime Minister Eisaku Satd, see Kase (2001)
and Chanlett-Avery and Nikitin (2009).



two technologies in mass attitudes—a clear departure from informal claims made by students of
US mass attitudes toward nuclear power, as well as by practitioners.'” This difference could be a
consequence of the apparent failure of anti-nuclear voices from constructing a viable movement in
the Japanese context. Unlike in the United States, where coherent political action against nuclear
power was able to organize into a large-scale movement capable of launching protests and persua-
sive messaging campaigns on the national scale, no such efforts materialized in Japan. This meant
that, until 2011, the majority of nuclear-related messaging in the Japanese context was occupied by
the establishment narrative of nuclear power and nuclear weapons as distinct.Given the stability of
these attitudes throughout the history of Japanese commercial nuclear energy, we would therefore
expect little influence of persuasive messaging in the Japanese context, and especially poor evi-
dence of functional interdependence, with Japanese citizens showing at best a tenuous attitudinal
relationship across military and civilian nuclear technologies.

3 Exploratory/Confirmatory Design

3.1 Motivation

As described in Section 2.1, Converse (1964) provides an effective framework for conceptualizing
the potential relationship between attitudes toward military and civilian nuclear technologies. Of
particular interest is the possibility that these attitudes are functionally interdependent—that is, at-
titudes toward the two technologies are not simply correlated, but are fundamentally linked among
the mass public. Per Converse (1964), interdependence implies a causal relationship in attitudes
toward the two technologies, such that a change in one attitude must shift attitudes toward the other.
Observational survey data are therefore insufficient to identify such a relationship: while survey
evidence can provide information about static constraint by revealing attitudinal correlations across
domains, the potential for confounding means that an observational analysis alone cannot reliably
identify a fundamental causal linkage in respondents’ attitudes across domains (Green et al., 2011;
Coppock and Green, 2017).

Converse (1964)’s conceptualization of functional interdependence therefore lends itself natu-
rally to an experimental design, whereby the experimenter can measure the extent to which manip-
ulations designed to shift attitudes toward one idea element yield cross-domain effects—shifting
attitudes toward the other element. In the context of nuclear attitudes, such persuasive manipula-
tions should seek to respectively shift attitudes toward nuclear power and toward nuclear weapons,
in order to identify whether persuading the public about one technology yields a concomitant shift
in attitudes toward the other. The design requirements to identify functional interdependence are
therefore somewhat basic; a two-armed trial—with attitudes toward each technology measured
following random assignment of a persuasive message about either nuclear weapons or nuclear
power—would be sufficient. In the present case, I employ a slightly more complex, 2 x 2 design to
assess both positive and negative persuasive messages about each technology (i.e., power/weapons
X pro-/anti-nuclear).

12See Baron (2020, Ch. 2) for a review of commentary made in congressional hearings through the 1970s.



Unfortunately, implementation is less straightforward in this case. The existing literature on
nuclear attitudes in the United States highlights several topics that appear to be salient predictors of
nuclear attitudes more broadly (e.g., the waste problem with nuclear energy; Rankin et al., 1981);
as noted above, evidence from a handful of studies provides evidence that persuasive messaging
can shift attitudes toward nuclear power (Haugtvedt and Wegener, 1994; Fabrigar et al., 1998).
However, those studies that do assess the effects of persuasive messaging on nuclear attitudes do
little to identify the specific types of information that are most influential (see also Crater 1977 and
Showers and Shrigley, 1995 for findings from related, non-experimental studies). Less apparent
still is how combinations of informational messages may interact to differentially influence nuclear
attitudes.

3.2 Design

Rather than designing interventions based on ambiguous or limited empirical findings, the validity
of which may be questionable, I adopt a data-driven approach to identifying effective combinations
of persuasive information for use as experimental treatments. Modern surveying and statistical-
learning approaches allow us to assess the effects of numerous, interacting factorial treatments,
and to identify those combinations that appear most effective in moving attitudes. Unfortunately,
due to the relatively high costs of subject recruitment, it would be difficult to implement a highly
factorial experiment with enough subjects to attain sufficient statistical power for inference.

In order to balance these constraints, I employ a multi-staged experimental design which I
refer to as the Exploratory/Confirmatory Design. The Exploratory/Confirmatory Design seeks to
improve the performance of treatments for causal inference while reducing potential costs associ-
ated with surveying by disaggregating treatment selection and hypothesis testing into three major
phases. In a first stage of exploratory testing, highly factorial treatments are fielded using conve-
nience samples (Exploratory Stage)."> In a second Calibration Stage, statistical-learning methods
are then employed in order to identify the most effective treatments or treatment combinations.
Instruments are then adjusted and fielded on distinct samples for confirmatory hypothesis testing
(Confirmatory Stage).

The Exploratory/Confirmatory Design is therefore similar in conceit to an adaptive experi-
mental design, with similar benefits (Offer-Westort et al., 2019). For instance, improving the
effectiveness of the treatments used in subsequent trials provides gains in statistical power, since
these improved treatments should yield larger and more easily detectable effects in later stages.
As demonstrated by the multi-staged experiments presented below, the Exploratory/Confirmatory
Design can be effectively implemented with small convenience samples at surprisingly low cost. It
should be noted, however, that issues of external validity may remain when relying on convenience
samples in the Exploratory or Calibration Stages. In the present case, these stages are represented
by Study 1, which uses data from small samples from Amazon Mechanical Turk and CrowdWorks.
While recent work suggests that Mechanical Turk workers may not differ substantially from the
American public more generally (Levay et al., 2016), important distinctions remain, and so the

3The Exploratory Stage can feature an arbitrary number of pilot or convenience-sample studies; see, e.g., Baron
and Herzog (2020).
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insights drawn from these convenience samples may not generalize to the national population
(Berinsky et al. 2012; Huff and Tingley 2015; see also Cheung et al. 2017).'* Using larger, more
representative samples in these initial stages would reduce these concerns, though uncertainty of
course remains as a consequence of sampling variance.

Aside from the technical benefits, the Exploratory/Confirmatory Design also offers potential
gains to flexibility and transparency in research design. Much work has emphasized the benefits
of exploratory research prior to confirmatory analysis, including in the social sciences (see, e.g.,
Tukey, 1977, 1980; Behrens, 1997; Stebbins, 2001; Wagenmakers et al., 2012). In this sense, the
Exploratory/Confirmatory Design does not represent a fundamentally novel approach, nor is it a
departure from this tradition. However, the multi-staged approach promotes a conceptual distinc-
tion between exploratory and confirmatory phases, while explicitly incorporating both processes
into a single work-flow. The Exploratory/Confirmatory Design provides flexibility in exploratory
phases of analysis, allowing the researcher to adjust analysis procedures and design in order to
improve instruments and build theoretical propositions and testable hypotheses, before tying their
hands in advance of actual confirmatory testing. This means that the Exploratory/Confirmatory
Design process also interfaces effectively with existing best practices, including pre-registration
(Olken, 2015) and the use of standard-operating procedures (SOPs; Lin and Green 2016). Finally,
the Exploratory/Confirmatory Design is agnostic to the specific methods chosen by the researcher.
The Design is perhaps best-suited to experimental research, as it is employed in the present cir-
cumstance. However, the approach represented by the Exploratory/Confirmatory Design could
ostensibly be used in other contexts, as long as researchers are able to distinguish exploratory
from confirmatory samples. The Exploratory/Confirmatory Design can also be used in qualitative
settings, or employed in mixed-methods research agendas.”

3.3 Present Use and Implementation

This article applies the Exploratory/Confirmatory Design concept in three sequential studies, pre-
sented in turn below.'® Study 1 combines Exploratory and Calibration Stages. I used a highly
factorial convenience-sample survey in each country in order to assess the influence of multiple
types of persuasive information on subjects’ attitudes. Subjects were randomly assigned to one of
the four main treatment arms represented by the 2 x 2 factorial design (pro-/anti-nuclear message
x nuclear power/nuclear weapons),'’ where the message itself could include up to four informa-
tional paragraphs, each regarding a distinct aspect of the given technology, with inclusion of a
given paragraph determined by coin flip (with equal probability of inclusion/exclusion). Using

14For this reason, caution is advised, and the results of Calibration should not be over-interpreted, unless Exploratory
trials were fielded with nationally representative samples. In this case, however, treatment selection in the Calibration
Stage can be informative for inductive theory-building, by revealing the nature of the most effective treatments in
shifting attitudes. This can provide insight into the causal pathways at work in persuading subjects.

SFor example, the present design draws largely from in-person interviews and historical research conducted in both
the United States and Japan.

161 fact, Study 1 builds on a series of pilot studies. See Baron and Herzog (2020) for further discussion.

"In the United States, a placebo vignette was also fielded. Because placebo responses did not differ substantially
from pure control, the Japanese Study 1 survey, and subsequent surveys, did not include placebo arms.
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Bayesian additive regression trees (BART; Chipman et al. 2010), I then modeled the effects of
each combination of informational paragraphs, and selected those combinations that yielded the
largest effect estimates for each arm. Study 2 fielded follow-up convenience-sample surveys in
each country using the selected messages, providing an opportunity to begin hypothesis testing
in each country before moving to full, national samples. Study 3 represents the final, Confirma-
tory Stage. Using the same messages employed in Study 2, I conducted a national survey in both
countries in parallel in order to verify the cross-domain effects of persuasive information regarding
civilian and military nuclear technologies. The remainder of the paper presents these studies and
their findings before offering a series of conclusions for theory and practice.

4 Study1

The Study 1 trials were conducted on Mechanical Turk from October 6, 2018 through October
15, 2018 with a total of 505 subjects,'® and on CrowdWorks from May 5, 2019 through May
7, 2019 with a total of 499 subjects. Japanese respondents were compensated at a rate of ¥50
per complete, whereas US respondents were compensated at a rate of $1.00 per complete.'” The
survey instruments and results from calibration with BART are described in detail below.

4.1 Study 1 Design

In order to identify the most persuasive combinations of information, respondents were treated
with a factorial message composed of between zero and four randomly selected paragraphs, each
containing information on a distinct topic related to either nuclear power or nuclear weapons.
These informational paragraphs represent a selection of topics emphasized in-person interviews,
archival and historical materials (including existing survey work), and modern persuasive mate-
rials from pro- and anti-nuclear advocates. I employ informational treatments specifically for at
least four reasons. First, it is more straightforward to manipulate the specific aspects of persuasive
messages in text-based informational treatments than it would be with visual stimuli. Second, in-
formation presents a low risk of psychological harm to subjects, whereas other forms of persuasive
messaging—such as graphic imagery associated with nuclear-weapons use—could be disturbing.
Third, informational treatments do not require any deception; as I show below, both pro- and anti-
nuclear arguments are often staked on the same informational foundations, though this information
may be interpreted differently. Finally, in practice, the use of informational treatments constitutes
a harder test, relative to the use of other persuasive treatments, such as imagery or video. Relative
to striking visual imagery both in favor of and against nuclear technologies, informational text is
likely to be less salient to respondents; thus, to the extent that even informational messages can

8 A technical error in the MTurkR batch-recruiting algorithm employed during the recruitment period allowed a
small number of subjects to repeat the survey. These respondents’ original responses were preserved while eight
duplicative responses were dropped.

9Mechanical Turk’s suggested market rate is $.50/5 minutes; $1.00 represents market rate for the US survey, which
included additional questions after outcome measurement, not discussed here, lasted approximately ten minutes. The
survey instruments were otherwise kept as similar as possible.
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move subjects’ attitudes across domains, it is highly likely that we would observe stronger effects
in the real world.

The set of informational topics used to compose treatment messages in Study 1 is presented in
Table 1, and the complete selection of topic paragraphs is presented in both English and Japanese
in Appendix A.”" These topic paragraphs are referenced below according to the titles shown in
Table 1, formatted in bold.

Table 1: Exploratory Study 1 Vignette Themes by Technology

Topic
Power Weapons Placebo (US Only)20
= 1 Radiation Deterrence Atoms
§0 2 Waste Safety Electrons
§ 3 Accidents Environment Nuclear Physics
~ 4 Economics Proliferation Nuclear Reactions

Note that information topics were held constant across technology types. Table 2 provides an
example, by way of comparison between the pro- and anti-nuclear versions of the Radiation topic
paragraph. Both versions include comparable information about the risks posed by radioactive
releases from nuclear power plants, but these facts are interpreted differently, in accordance with
the valence of the parent treatment. Other paragraphs were composed in a similar manner. For
instance, the pro-nuclear weapons version of the Deterrence paragraph describes the alleged ben-
efits of nuclear deterrence for defense and international stability, whereas the anti-nuclear weapons
version of the paragraph instead contends that deterrence does not have a stabilizing effect on in-
ternational politics, and in fact poses a threat to peace. This symmetry across pro- and anti-nuclear
messages within domains ensures greater comparability of the treatment effects of each topic para-
graph.

Each topic paragraph was written so as to avoid cross-domain spillover, as failure to do so
could itself induce cross-domain attitudinal correlations, even in the absence of preexisting asso-
ciations. Such a violation would of course undermine the validity of the experimental results. As
a consequence, all topic paragraphs were carefully composed to avoid all explicit references to the
technologies’ dual-use characteristics.”! For instance, neither version of the Proliferation topic
paragraph explicitly describes the possible diversion of weapons-usable material from nuclear re-
actors. Instead, both pro- and anti-nuclear versions of the paragraph only discuss the possible

20Full topic paragraphs for each arm are presented in both English and Japanese in Appendix A. The US survey also
featured a parallel placebo treatment regarding the history of nuclear physics, with thematic paragraphs respectively
describing the discovery of atoms, the discovery of electrons, the birth of the field of nuclear physics, and the concept
of the nuclear chain reaction. Only the last two paragraphs use the word “nuclear,” without reference to nuclear
weapons or nuclear power. The inclusion of the term “nuclear” in two of the placebo paragraphs was meant to assess
whether the mere mention of the word “nuclear” would yield observable effects on subjects’ attitudes. The placebo
messages did not differ substantially from pure control, and so the placebo arm was excluded from further trials.

21Each paragraph was also reviewed by colleagues with substantive and technical knowledge of peaceful and mili-
tary nuclear technologies. I thank Stephen Herzog, Juraku Kohta, and Maki Sato for their assistance in this review.
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Table 2: Comparison of Pro- and Anti-Nuclear Power Radiation Paragraphs

Pro-Nuclear Power Paragraph

Contrary to popular belief, nuclear power
poses little health risk from radiation.
We are constantly exposed to natural
radiation—from the ground, from cosmic
rays, and even from the food we eat. In
fact, a person living within 50 miles of a nu-
clear power plant for a year is exposed to
less radiation than they would get from eat-
ing a banana, which naturally contains ra-
dioactive potassium. All the nuclear power
plants in the world emit only a fraction of
the natural environmental radiation that peo-
ple are exposed to. A typical nuclear power

Anti-Nuclear Power Paragraph

Natural radiation exists all around us, but
nuclear power plants expose the public to
excess radiation each day. Nuclear power
adds an unnecessary, unnatural source of ra-
diation into our environment, posing seri-
ous health risks. While natural environmen-
tal radiation can cause cancer, people living
close to nuclear power plants are exposed to
higher doses of radiation—the closer a per-
son lives to a plant, the greater their expo-
sure. A typical nuclear power plant in the
United States releases enough radiation to
cause around one cancer death per year that

plant in the United States doesn’t even re- would otherwise be avoided.
lease enough radiation to cause one cancer

death per year.

acquisition of fissile materials by rogue states or non-state actors, e.g., via theft of existing nuclear
warheads.

The treatment text was also written to avoid other, clear logical connections between the two
technologies. This allows me to more reliably identify cross-domain effects as a consequence of an
underlying psychological association between the two technologies, rather than as a result of learn-
ing. For example, it would be problematic if the Accidents paragraphs described the possibility of
radioactive fallout, because subjects reading these paragraphs might logically associate the risks of
fallout posed by nuclear power plants and those posed by nuclear-weapons detonations. As such,
the Accidents paragraphs avoid all explicit linkages between the two technologies, and instead
solely discuss the risk of accidents in nuclear power plant operation. While it is not possible to
rule out the possibility that respondents could still draw relationships between accidents at nuclear
reactors and the risks associated with nuclear weapons, the lack of a direct connection between
the two technologies in the treatments themselves implies that such “learning” would itself have
to stem from preexisting associations between the two technologies., such that learning about one
technology allowed them to update their beliefs about the other.

As well, the text for each treatment paragraph was carefully composed in order to avoid in-
formational spillover between fopics. For example, the Accidents paragraphs describe the health
impacts of nuclear disasters, but without explicitly mentioning radiation, since Radiation com-
prises a separate topic paragraph. Cross-topic spillover effects would not invalidate estimates of
the persuasive effects of selected treatments, but accounting for all potential spillover effects is
important for the purposes of identifying which topics most influence attitudes. Again, it remains
difficult to completely rule out the possibility of spillover across topics. For this reason, in ad-
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dition to issues of generalizability presented by the use of convenience samples here, I avoid a
deeper theoretical interpretation of Study 1’s results. Comparisons to conventional technologies
were also omitted, e.g., between nuclear power, renewables, and fossil fuels. This ensured that any
observations of functional interdependence in later stages was attributable purely to the relation-
ship between attitudes toward nuclear power and those toward nuclear energy—and not a result of
having activated distinct attitudes.

The actual message presented to a given respondent was determined by randomly assigning the
subject to one of the four main treatment arms, and then selecting topic paragraphs by simple ran-
dom assignment with even probabilities, using the custom-coded factorial-assign JavaScript
package designed for use with this and related survey studies (Baron, 2019). Within each arm, then,
a subject could receive one of 2* potential combinations of topic paragraphs, implyinga 2 x 2 x 16
factorial design, with 64 distinct treatment “profiles.””” Subjects assigned to zero topic paragraphs
saw no vignette prior to answering outcome questions. Accordingly, all such individuals were
considered as pure-control subjects.

4.2 Measurement

The primary outcomes of interest were measured using attitudinal batteries regarding each tech-
nology (“technology batteries”). The battery text, composed based on historical public opinion
surveys regarding nuclear power and nuclear weapons, is shown in Table 3. The batteries posed
six questions about nuclear power or nuclear weapons, respectively; these questions were kept as
parallel as possible across technology types. Battery order and question order within battery were
both randomized. In order to simplify analysis, I averaged the responses to each technology bat-
tery into a corresponding attitude index.”’ I then summed the two indices into a combined attitude
index.”*

4.3 Calibration

After collecting results from the Study 1 survey, I used BART (Chipman et al., 2010) to select the
most effective treatment profiles in each first-order arm. BART is able to flexibly and automat-
ically model nonlinearity in and interactions between treatments, reducing biases from improper
model selection or changes in tuning parameters (Green and Kern, 2012). BART has also been
successfully employed in the survey-experimental context (Green and Kern, 2012), and has been
shown to operate effectively in contexts of high-dimensional treatments with rich covariate sets
(Hill, 2011). In fact, Green and Kern (2012, p. 508) specifically note that “BART is particularly
appropriate when the search for systematic variation in treatment effects is not guided by strong
theory,” fitting the current exploratory setting.

22The US survey featured 80 total profiles, including the 16 placebo-message combinations.

Z3Formally, for each technology ¢ € {power, weapons}, the index Y;; represents the average of each subject i €
{1,...,N}’s responses to the battery’s six attitudinal questions A, j;,j € {1,...,6}: ¥, ; = éZ?:1At,j,i- This produced
two index vectors of length N pertaining to each technology type ¢.

24The combined attitude index, Yeombi = Y1 Vi
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Table 3: English and Japanese Attitudinal Batteries

Power Battery Questions
Please rate your attitudes toward the following statements related to nuclear power.

The United States should continue to research and develop new nuclear power plant designs.
The United States should continue to use and maintain nuclear power plants.
I would feel comfortable living near an active nuclear power plant.
The United States should use nuclear power to serve national energy interests.
The environmental risks of nuclear power are not worth the benefits.
The United States should build more nuclear power plants.
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Weapons Battery Questions
Please rate your attitudes toward the following statements related to nuclear weapons.

The United States should continue to research and develop new nuclear weapon designs.
The United States, should continue to store and maintain nuclear weapons.
I would feel comfortable living near a military installation where nuclear weapons are stored.
The United States should use nuclear weapons to serve national security interests.
The environmental risks of nuclear weapons are not worth the benefits.
The United States should build more nuclear weapons.

IROMERICH T 2 ERICOWTERD T EE2ZTL 230w,
HANToOMIZE oMk 2 if5e. ¥, £ L TRE.
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Conceptualizing each of the main treatment arms as separate experiments, I produced a ma-
trix of potential combinations of topic paragraphs, representing the 16 possible treatment profiles
within each arm. I then modeled the treatment effects of each profile, thereby accounting for in-
teraction effects. I fit the models using Chipman and McCulloch (2016)’s BayesTree package for
R, with modest augmentations to the recommended default set‘tings,25 and outcomes residualized
using available covariates.”® Each model was fit using the three attitude indices described above,
both with and without constraints on the number of topic paragraphs to be selected.

For each iteration of the MCMC algorithm, BART returns a series of draws from a joint pos-
terior, corresponding to each treatment profile. Averaging over the posterior draws of all MCMC
iterations therefore produces a mean posterior value for each treatment profile. I replicated each
fit 1,000 times, averaging the results for each treatment profile over the 1,000 iterations. I then se-
lected the treatment profiles that yielded the most extreme mean posterior values (for pro-nuclear
arms, this was the largest positive value; for anti-nuclear arms, it was the largest negative value).”’

4.4 Findings and Discussion

I begin by assessing descriptive statistics regarding attitudes toward the two technologies in each
country. Table 4 presents baseline attitudinal measures for both power and weapon attitude indices
in each country. Several observations are apparent from these results. To begin with, US re-
spondents were, on average, more pro-nuclear than were Japanese respondents. This is especially
apparent of attitudes toward nuclear power, where US respondents revealed neutral-to-positive per-
spectives, in contrast to Japanese citizens’ clearly negative perspectives.”® Although respondents
in both countries were broadly opposed to nuclear weapons, Japanese respondents again indicated
substantially more negative views.

Study 1 also afforded a first opportunity to assess static constraint in nuclear attitudes compar-
atively in both countries. Results are presented in Table 5 and Table 6, which respectively show the
estimated correlations from the US and Japanese surveys. Both surveys indicated robust, positive
correlations between attitudes across power and weapons domains. This was particularly the case
among US respondents, who showed strong associations across technology types.”’ These cor-

23T used 500 MCMC burn-in iterations and 1000 posterior draws following burn-in, each of which featured 500 trees
to compute the summed result. Each resulting fit was replicated 1000 times. Due to the computational complexity of
the algorithm, I employed the foreach package in R to parallelize the operation, producing 50 replications over each
of 20 cores, for all three outcomes mentioned below.

26The conditioning sets used in the United States and in Japan differ due to the availability of covariates. Restricting
the US conditioning set does lead to some differences in BART selection; however, the mean posterior values change
only modestly, suggesting that the combinations are equally effective in shifting attitudes, and that differences arise
from low precision.

27T also processed data by indicating the best-performing combination in each iteration, then selecting the profile
that was most frequently selected over all 1,000 iterations as the overall best-performing message. Results did not
change between the two approaches.

Z8Though, it is interesting that Japanese respondents were positive about building more nuclear plants, given their
negative attitudes in every other context.

29Similar question batteries fielded on a national survey in the United States produced similar results. These findings
are presented in Baron and Herzog (2020).
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Table 4: Study 1 Baseline Attitudes by Domain and Context

National Environmental
R&D Use Live Near Interest Impact Build (More)
Power Index
United States —-0.008 0.185 0.508 -0.478 0.681 0.649
(0.09) (0.085) (0.086) (0.093) (0.083) (0.083)
Japan -1.301 —-0.580 -0.353 -1.307 -0.418 0.243
(0.061) (0.068) (0.070) (0.067) (0.072) (0.074)
Weapon Index
United States -1.155 -0.724 -0.528 -0.819 0.050 -0.387
(0.085) (0.088) (0.086) (0.089) (0.088) (0.087)
Japan -1.685 -1.622 -1.775 -1.707 -1.514 -1.221
(0.072) (0.069) (0.066) (0.07) (0.073) (0.075)

relations were somewhat weaker among Japanese respondents, although all correlations remained
positive, and the associative patterns were similar.

Table 5: Correlation Matrix of US Attitudes by Domain and Context

Weapons
National Environmental
R&D Use Live Near Interest Impact Build (More)
R&D 0.539 0.523 0.473 0.504 0.470 0.394
. Use 0.498 0.508 0.460 0.472 0.455 0.378
2 Live Near 0.435 0.446 0.691 0.414 0.500 0.461
S National Interest 0.491 0.485 0.464 0.474 0.436 0.373
Environmental Impact 0.526 0.554 0.529 0.500 0.557 0.429
Build 0.513 0.517 0.567 0.505 0.518 0.508
Table 6: Correlation Matrix of Japanese Attitudes by Domain and Context
Weapons
National Environmental
R&D Use Live Near Interest Impact Build (More)
R&D 0.428 0.356 0.248 0.279 0.276 0.375
. Use 0.400 0.362 0.318 0.329 0.321 0.374
2 Live Near 0.337 0.346 0.512 0.336 0.340 0.365
S National Interest 0.412 0.371 0.270 0.343 0.302 0.378
Environmental Impact 0.382 0.360 0.254 0.337 0.378 0.387
Build 0.461 0.465 0.369 0.436 0.430 0.493

Calibration with BART revealed further interesting comparisons between the two samples.*"
Since estimates computed using the combined attitudes index outcome yielded the largest effects,
overall, this section results computed with the power or weapons attitude indices are omitted
here.’! As indicated by Figure 1, which shows the BART estimates of every message’s effects
on the combined attitude index for each survey, two-paragraph messages yielded the largest effects

301 do not focus here on first-order treatment effect estimates, given the small sample size. However, these results
are presented in Appendix B.
31Results with all outcomes are presented in Appendix C.
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in almost all cases. These messages are indicated with black arrows. There was one exception
in each respective survey, indicated with pink arrows: in the US survey, the best-performing pro-
nuclear weapons message included three paragraphs;” in the Japanese survey, the best-performing
pro-nuclear energy message included all paragraphs. However, as is visible in Figure 1, the dif-
ferences between two- and three-paragraph messages in these two cases were relatively small. In
general, estimates were fairly stable, irrespective of the number of paragraphs, and were almost
always signed correctly. Since two-paragraph messages were clearly the most effective messages
overall, however, I proceeded by selecting only the best-performing two-paragraph messages in
each arm for further analyses. This ensured greater symmetry across all treatment arms, while also
imposing a lower burden on subjects’ attention.

Figure 1: BART Effect Estimates
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Table 7 and Table 8 present the selected messages for each arm in each survey, along with the
corresponding effect estimates.” As already suggested, each of the four main treatments returned
a mean posterior in the anticipated direction, regardless of the chosen outcome measure. This
provides an encouraging initial sign that all interventions operated as intended, in both countries.
In fact, the US and Japanese results were surprisingly similar.

Further comparison between the two surveys shows greater differences in the substantive infor-

32The message included information on deterrence, the environmental effects of nuclear arms, and associated pro-
liferation risks; the best-performing two-paragraph message excluded the paragraph on proliferation.

33Full results, showing mean-posterior estimates, are provided in Appendix C. The effect estimates provided here
are computed by differencing the pure-control estimates (—0.161 in the United States; —0.116 in Japan) from the
mean-posterior estimates.
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Table 7: Selected Energy-Treatment Messages

Radiation Waste Accidents Economics Effect Est.
Pro-Energy Treatment
United States v X X v 1.020
Japan v X X v 1.023
Anti-Energy Treatment
United States X v X v -1.118
Japan X v v X -1.159

Table 8: Selected Weapon-Treatment Messages

Deterrence Safety Environment Proliferation Effect Est.
Pro-Weapon Treatment
United States v X v X 0.610
Japan X v v X 0.654
Anti-Weapon Treatment
United States v X X v —0.304
Japan v v X X —0.547

mation that was most effective in persuading subjects in each sample. Although the most effective
pro-nuclear power message was the same in both American and Japanese contexts, the two groups
otherwise showed substantive differences. Regarding the anti-nuclear power message, Japanese
and American respondents were both persuaded by information regarding nuclear waste. How-
ever, for Japanese respondents, information regarding accident risks was apparently more effective
in moving attitudes, whereas the economic pitfalls of nuclear energy yielded a greater impact for
US respondents. Given the salience of Fukushima, this result is unsurprising,’* though it is inter-
esting that information about accident risks was not as effective in shifting nuclear-power attitudes
in the United States, even despite evidence that Fukushima has had wide-reaching effects on atti-
tudes (see, e.g., Wittneben, 2012).

Similarly, results pertaining to the nuclear-weapons vignettes showed some overlap, but also
distinct divergence. The pro-nuclear weapon message that most influenced attitudes in the United
States included information about both deterrence and the environmental footprint of nuclear
weapons. While environmental considerations featured into the most effective pro-nuclear weapon

341n fact, this may serve as an additional robustness check.
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message in the Japanese survey, Japanese respondents were apparently more influenced by infor-
mation regarding the safety of storing nuclear arms. The selected anti-nuclear weapon vignettes
also differed across countries: Americans’ attitudes were most influenced by critiques of nuclear
weapons along the lines of deterrence, as well as information about the threat of nuclear prolifera-
tion; Japanese respondents were also persuaded by information highlighting the potential failures
of deterrence, but for all outcomes, information on safety was also selected.

In concert, these results do suggest some similarities in Japanese and American respondents’
attitudes toward nuclear technologies. Both samples showed similar associations across technol-
ogy types; there was also overlap in the types of information that shifted attitudes. Nonetheless,
notable differences remain. At baseline, Japanese respondents were appreciably more negative
about nuclear technologies than were Americans. The cross-domain attitudinal correlations were
also somewhat weaker in Japan than they were among US respondents. Finally, information on
nuclear-power accident risks, and the safety of nuclear-arms storage was apparently more salient
to Japanese respondents, suggesting deeper substantive divergence between the two populations.

5 Study 2

5.1 Study 2 Design

Study 2 sought to assess the effects of the messages selected in Study 1 in two respective
convenience-sample surveys conducted in the United States on August 14, 2019; and on August 15,
2019 to August 16, 2019 in Japan. The surveys were both conducted with 500 subjects, with US
subjects recruited through Amazon Turk Prime, and Japanese respondents using CrowdWorks.”

After consenting to the experiment and answering the same covariate measures included in
Study 1, respondents were randomly assigned to one of five treatment arms: either one of the
four arms implied by the 2 x 2 interaction of pro-/anti-nuclear and power/weapons factors, or pure
control. Outcomes were measured with the same attitudinal batteries employed in Study 1, with
order randomized.

5.2 Measurement and Hypothesis Testing’°

In both countries, I estimated results using OLS regression, both with and without regression ad-
justment using demographic covariates and responses to politically relevant questions. For each
survey I estimated effects with the two following models. Model 2.1 estimates the effect of each
treatment, compared to pure control, on the power attitude index:

35 As in Study 1, US respondents were compensated $1.00 per complete. Japanese respondents were compensated
at a rate of ¥50 per complete.

36Much of the text appearing in Section 5.2 and Section 5.3 is nearly identical to that included in the Study 3
pre-analysis plan, registered with Evidence in Governance and Politics (EGAP).
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Ypower,i =PBo + B1 < pro-power; + B, x anti-power;+
B3 x pro-weapon, + 34 X anti-weapon;+ (2.1)
Bs x X;+ €,

where X; represented the conditioning set, chosen from the null set (i.e., no covariates), or the vec-
tor of demographic and politically relevant covariates noted above. Model 2.2 similarly estimates
the effect of each treatment, compared to pure control, on the weapon attitude index:

Yweapon,i =Y0 + Y1 X pro-power; + %> X anti-power;+
13 X pro-weapon; + ¥4 X anti-weapon;+ (2.2)
Y5 X Xi+ 1.

& and 1); represent the respective error terms of Model 2.1 and Model 2.2.

5.3 Hypotheses

Using these models, I specify three main hypotheses. The first is that there is attitudinal spillover
between nuclear-power and nuclear-weapons treatments:

Hypothesis 1 (spillover): (B3 —Bs) + (11 —7) > 0.

This test statistic provides a summary of spillover between nuclear-power attitudes and nuclear-
weapons attitudes. Under the null hypothesis of no spillover across domains, this statistic will be
equal to zero. If there is attitudinal spillover, this statistic will be positive. For each technology,
I also assess the average causal effect (ACE) of moving from an anti-nuclear message to a pro-
nuclear message on attitudes toward the alternative technology:

Hypothesis 2a (spillover (weapons)): (B3 — B4) > 0;
Hypothesis 2b (spillover (power)): (y1 — 1) > 0.

Under the null hypothesis of no out-of-domain effects, these differences will be equal to zero.
If the effect of pro- versus anti-nuclear information affects out-of-domain attitudes in either case,
the corresponding difference will be positive. The ACEs estimated in Hypothesis 2a and Hypothe-
sis 2b boost statistical power, because they exploit the maximal contrasts between nuclear-weapon
treatments and nuclear-power treatments, respectively. This is also true of the Hypothesis 1 esti-
mate, which is equivalent to the average of both out-of-domain effects.

These inferential targets are also substantively informative. In real-world settings, individuals
are somewhat unlikely to be treated with solely pro-nuclear information or anti-nuclear information
regarding a given technology. Comparison of messages of either valence to pure control is therefore
somewhat contrived; contrasting pro- and anti-nuclear arguments, within domains, constitutes a
more naturalistic target. As such, Hypothesis 1, Hypothesis 2a, and Hypothesis 2b constitute my
primary hypotheses. Nonetheless, I do examine the effects of individual treatments on cross-
domain attitudes estimated in Model 2.1 and Model 2.2:
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Hypothesis 3a (power-attitude effects): B1,B3 > 0 and B, B4 < 0; and

Hypothesis 3b (weapon-attitude effects): v,y > 0 and p», 71 < 0.

Since pro-nuclear vignettes should have a positive effect on attitudes in both domains, and anti-
nuclear vignettes should have a negative effect on attitudes in both domains, all hypothesis testing
proceeds using one-tailed tests.”’ For Hypothesis 1, Hypothesis 2a, and Hypothesis 2b, where I
expect positive point estimates, I use one-tailed, upper tests. For Hypothesis 3a and Hypothesis 3b,
I use one-tailed, upper tests for pro-nuclear treatments, and lower tests for anti-nuclear treatments.
All hypothesis testing proceeds with significance level o = 0.05, and HC2 robust standard errors.

5.4 Findings and Discussion

Unlike Study 1, the findings of Study 2 reveal a clear distinction between attitudes among US and
Japanese respondents. These findings are presented in Table 9; the results of hypothesis testing
from both surveys are presented in Table 10. The estimates from the US Study 2 survey are, in
fact, similar to those estimated using BART in Study 1. I observe substantial and significant effects
of spillover across nuclear power and nuclear weapons domains (Table 10). This is all the more im-
pressive, given the survey’s small size, and commensurately low statistical power—though, these
results should be interpreted with caution, since the study was fielded using a convenience sample
that cannot be expected to represent the broader population.

In contrast, we cannot reject the null hypothesis of no attitudinal spillover in the Japanese sur-
vey (Table 10). The estimates pertaining to Hypothesis 2a and Hypothesis 2b shed light on the
nature of this null finding: neither nuclear-power messages nor nuclear-weapons messages had an
out-of-domain effect. This is apparent, as well, when considering individual effect estimates—
there is little evidence of possible cross-domain effects. Table 9 does show that there is a posi-
tive and significant effect of pro-nuclear power information on nuclear power attitudes. Nuclear-
weapons messages also yielded similar point estimates for effects in both Japanese and American
contexts, with the pro-nuclear weapons message making respondents modestly more positive about
nuclear power, and the anti-nuclear weapons message having a close-to-zero effect in both sam-
ples. However, the two groups diverged substantially when it came to nuclear-weapons attitudes.
Pro-nuclear weapons messages had a significant and positive effect on American respondents’ at-
titudes toward nuclear weapons; nuclear-power information also yielded positive point estimates.
Conversely, Japanese respondents’ attitudes toward nuclear weapons remained immobile—neither
nuclear-weapons messages, nor nuclear-power messages had any measurable effect on Japanese
respondents’ nuclear-weapons attitudes.

Looking to individual treatment effects, Table 9 shows that both pro- and anti-nuclear power
treatments tended to yield attitudinal effects in the anticipated directions in the United States.
Both pro- and anti-nuclear power messages appeared to have large within-domain effects, but
cross-domain effects were not significant (likely due to low statistical power). Overall, nuclear-
weapons messages appeared unpersuasive. In the United States, the pro-nuclear weapon message

37The use of one-tailed tests for hypothesis testing was also stated in the preregistration of Study 3 (see Olken 2015,
p- 70 on the commitment to one-tailed tests in preregistered designs).
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Table 9: Study 2 Estimated Treatment Effects

United States Japan
Undjusted Adjusted Undjusted Adjusted

Power Index?

Pro-Power 0.567 0.503 0.407 0.403
(0.241) (0.219) (0.192) (0.171)
Pro-Weapon 0.203 0.279 0.164 0.225
(0.241) (0.228) (0.180) (0.164)
Anti-Power —-0.549 —0.536 —-0.256 —0.232
(0.232) (0.217) (0.195) (0.176)
Anti-Weapon 0.012 —0.033 0.012 0.038
(0.243) (0.230) (0.191) (0.164)
Weapon Index*
Pro-Power 0.127 0.107 —-0.098 -0.112
(0.218) (0.175) (0.195) (0.177)
Pro-Weapon 0.408 0.428 -0.118 —-0.044
(0.214) (0.175) (0.189) (0.175)
Anti-Power -0.206 —-0.151 -0.233 -0.216
(0.205) (0.172) (0.211) (0.198)
Anti-Weapon —-0.053 —-0.071 —-0.106 —-0.072
(0.215) (0.176) (0.196) (0.179)

I The theoretical and actual range of the Power Index was [—3,3] in both the United
States and Japan. The US mean and standard deviation (SD) were 0.118 and 1.690,
respectively. The Japanese mean and SD were —0.612 and 1.342, respectively.

11 The theoretical and actual range of the Weapon Index was [—3,3] in the United
States. The theoretical range was the same in Japan, but the actual range was
[—3,2.833]. The US mean and SD were —0.732 and 1.526, respectively; the
Japanese mean and SD were —1.376 and 1.331, respectively.

HC?2 robust standard errors are presented in parentheses under the corresponding
point estimates.

had a significant effect on subjects’ in-domain attitudes. No such effect was observed in Japan; in
fact, the point estimate of the pro-weapon message was negative (though this result should not be
over-interpreted, given the large standard error estimate on the coefficient). In neither survey did
anti-nuclear weapon messages yield substantial effects.

It is important to recall that these surveys were conducted with small convenience samples, and
the results therefore cannot be expected to generalize to the broader populations of either country.
In general, however, the differences observed between US and Japanese samples have promising
implications for Study 3: as expected, the American survey showed clear indications of attitudinal
spillover, suggesting a fundamental association nuclear energy with nuclear weapons. Conversely,
even though we observed positive correlations in cross-domain attitudes, Japanese subjects’ views
on nuclear technologies show little sign of interdependence, suggesting a delineation between the
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Table 10: Study 2 Hypothesis Testing

Hypothesis Test p-value (United States) p-value (Japan)
H1: Spillover (B3 —B4)+(nn—7) >0 0.020 0.118
H2a: Spillover (Weapons) (Bs—PB4) >0 0.130 0.325
H2b: Spillover (Power) (n—m)>0 0.114 0.178
H3a: Effects on Power Index
Pro-Power Bi >0 0.011 0.009
Pro-Weapon B3>0 0.111 0.085
Anti-Power B, <0 0.007 0.093
Anti-Weapon Bs <O 0.443 0.592
H3b: Effects on Weapon Index
Pro-Power nh>0 0.271 0.737
Pro-Weapon »B>0 0.007 0.599
Anti-Power <0 0.191 0.138
Anti-Weapon Y1 <0 0.344 0.344

All hypothesis testing conducted with one-tailed tests, with adjusted estimates and o¢ = .05. All standard
errors, except for Spillover, were computed as HC2 robust standard errors. The standard error estimate for
the Spillover test statistic was computed using a bootstrap with 10,000 iterations.

two technologies in Japanese attitudes.

6 Study 3 (Confirmatory Trial)

Study 3 was comprised of the two Confirmatory experimental trials, fielded in parallel in Japan
and the United States for the purposes of final hypothesis-testing on national samples. The US
survey was fielded from January 12 to January 17, 2020 with a representative sample of 2,500
subjects recruited by YouGov/Polimetrix. The Japanese survey was fielded January 12 to January
20, 2020 with a general population sample of 3,043 subjects recruited by Dynata (formerly Survey
Sampling International; SSI), balanced on key covariates, including age, gender, and region. Both
surveys included a wash-out selection of unrelated questions between treatment assignment and
outcome measurement.

6.1 Measuring Effects’®

Effects were estimated using OLS as in Study 2, with some modest augmentations. For the US
Study 3 survey, all estimates were computed with survey weights provided by YouGov. Because
Dynata did not provide survey weights for sampled respondents in Japan, all analyses from the
Japanese survey are unweighted.”

3The studies are described in a pre-analysis plan, registered at EGAP prior to surveying. Section 6.1 is largely
identical to the measurement detailed in the pre-analysis plan.
39 Again, however, sample recruitment was balanced on key covariates including age, gender, and region.
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Effects were estimated using the two specifications shown below.*’ Model 3.1 estimates treat-
ment effects on the power index, compared to the baseline of pure control, controlling for key
covariates:

Yoower,i =PBo + B1 < pro-power; + B, x anti-power;+
B3 x pro-weapon; + B4 x anti-weapon,+
Bs x female; + B¢ x pid; + 7 x ideo;+ (3.1)
Bs x education; 4 B9 x log(income;)+
Bio x age; + €.

Model 3.2 estimates treatment effects on the weapon index, compared to the baseline of pure
control, with the same controls:

Yweapon,i =Y0 + Y1 X pro-power; + ¥, X anti-power;+
13 X pro-weapon; + ¥4 X anti-weapon;+
¥s x female; + ¥ X pid; + 77 X ideo;+ (3.2)
% x education; + ¥ X log(income;)+
Y10 X age; + 1;.

& and n); represent the respective error terms of Model 3.1 and Model 3.2. All hypothesis-testing
proceeded as in Study 2 (see Section 5.2 above), with directional hypotheses.

6.2 Findings and Discussion

I begin by presenting descriptive results from the Study 3 surveys. As shown in Table 11, the
American public is generally positive about nuclear power, while showing clear signs of opposi-
tion to living near nuclear plants, as well as modest opposition to building more nuclear power
plants. Interestingly, the national sample of American adults also shows a somewhat nuanced
set of attitudes toward nuclear weapons. Americans have weak but positive support for contin-
ued nuclear-weapons research and development, storage and maintenance, and relatively positive
views on the environmental impact of nuclear-arms use. At the same time, Americans clearly feel
negatively about the idea of living near military bases where nuclear arms are stored, and about
building more nuclear weapons; citizens are also weakly opposed to using nuclear weapons to
protect national security.

In contrast, the national sample of Japanese adults shows quite similar baseline attitudes toward
nuclear technologies relative to the convenience sample recruited to the Study 1 survey. Japanese
respondents are opposed to both nuclear power and toward nuclear weapons, across the board,
with attitudes toward nuclear weapons once again showing particularly strong opposition. No-
tably, Japanese attitudes toward living near nuclear power plants, and toward building more nu-
clear power plants, show similar baseline opposition to the corresponding questions about nuclear

40Unadjusted estimates are also reported, but do not represent the primary inferential targets.
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Table 11: Study 3 Baseline Attitudes by Domain and Context

National Environmental
R&D Use Live Near Interest Impact Build (More)
Power Index

United States 0.610 0.522 -0.734 0.415 0.090 -0.084
(0.038) (0.037) (0.041) (0.036) (0.037) (0.039)

Japan -0.086 -0.581 -1.140 -0.524 -0.595 -1.127

(0.033) (0.032) (0.032) (0.032) (0.031) (0.030)

Weapon Index

United States 0.144 0.383 -0.873 -0.071 0.423 -0.596
(0.039) (0.039) (0.040) (0.039) (0.038) (0.037)

Japan -0.984 -0.820 -1.433 -1.381 -1.395 -1.317

(0.0351) (0.033) (0.033) (0.033) (0.031) (0.033)

weapons. The particularly strong anti-nuclear power attitudes in these contexts is likely a conse-
quence of the Fukushima Daiichi nuclear accident.

These differences in baseline attitudes notwithstanding, Table 12 and Table 13 once again show
broad consistencies in static constraint in both US and Japanese contexts. One obvious deviation
from prior results shown in Table 12 is the series of negative correlations in Americans’ nuclear
attitudes toward the technologies’ environmental impacts. This negative correlation could po-
tentially result from shifting attitudes among environmentalists toward nuclear power: whereas
environmentalists have historically opposed nuclear power, the technology has gained acceptance
among environmentalists because of its potential use as a carbon-neutral energy source to combat
climate change. In all other contexts, however, we observe similar estimates to those computed
previously, in both the United States and in Japan. Indeed, we generally find strong, positive corre-
lations in attitudes toward nuclear technologies in Japan. In both countries, then, Study 3 provides
clear evidence that nuclear attitudes are statically constrained.

Table 12: Correlation Matrix of US Attitudes by Domain and Context

Weapons
National Environmental
R&D Use Live Near Interest Impact Build (More)
R&D 0.595 0.559 0.414 0.529 -0.319 0.538
- Use 0.576 0.627 0.428 0.549 -0.332 0.554
2 Live Near 0.475 0.512 0.685 0.501 -0.371 0.575
< National Interest 0.459 0.480 0.374 0.498 -0.255 0.471
Environmental Impact -0.312 -0.346 -0.308 -0.324 0.578 -0.375
Build (More) 0.469 0.497 0.414 0.459 -0.296 0.557

What of functional interdependence? Table 14 presents the main results from both Study 3 sur-
vey experiments; the results of hypothesis testing are shown in Table 15. As in Study 2, the results
from the US and Japanese surveys diverge sharply. The US survey yielded strong and significant
results, largely consistent with the hypotheses developed in Study 2. The test statistic of spillover,
computed from the global test detailed in Hypothesis 1, was highly significant (p < 0.001), con-
firming that Americans’ attitudes toward nuclear power and those toward nuclear weapons are
functionally interdependent. This finding remains strong when we consider the effects of per-
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Table 13: Correlation Matrix of Japanese Attitudes by Domain and Context

Weapons
National Environmental
R&D Use Live Near Interest Impact Build (More)
R&D 0.490 0.487 0.397 0.488 0.441 0.480
o Use 0.453 0.507 0.417 0.512 0.472 0.480
2 Live Near 0.351 0.444 0.643 0.438 0.459 0.514
< National Interest 0.369 0.487 0.445 0.484 0.460 0.535
Environmental Impact 0.365 0.466 0.476 0.466 0.485 0.545
Build (More) 0.414 0.506 0.442 0.505 0.468 0.542

suasive messaging within domain (Hypothesis 2a and Hypothesis 2b). Both power and weapon
ACEs are positive and significant (respectively, p = 0.001 and p = 0.018). Clearly, then, this at-
titudinal linkage between nuclear technologies is bidirectional. As observed in Study 2, however,
the cross-domain effects of nuclear-power messaging on nuclear-weapons attitudes are larger (and
more highly significant) than are the effects of nuclear-weapons messaging on nuclear-power atti-
tudes. That is, Americans perceive a clearer connection between both technologies, but messaging
about nuclear power is more likely to influence attitudes toward nuclear weapons than the other
way around.

Interestingly, the point estimates for both the spillover summary statistic, and the ACEs for
each technology type are remarkably similar to those computed in Study 2, suggesting: a.) that
the differences between the persuasive effects of pro- and anti-nuclear messaging may be simi-
lar across various (sub)segments of society; and, b.) that spillover effects remain stable across
these demographics. Turning to the effects of individual persuasive messages on attitudes in each
domain, however, we observe substantial differences between Study 2 and Study 3. With the ex-
ception of the pro-nuclear weapon message’s effect on nuclear-power attitude index (which was
substantively small and insignificant), all individual effect estimates remained correctly signed.
Substantively, however, the two samples were persuaded by somewhat different informational
messages. In Study 3, the only messages that had significant effects on nuclear-power attitudes
(after adjusting for covariates) were anti-nuclear messages, though the pro-nuclear power message
did have a weakly significant effect on nuclear power attitudes in the unadjusted specification. No-
tably, both anti-nuclear power and anti-nuclear weapons messages did have significant effects on
power attitudes—once again anchoring the observation of functional interdependence among the
US public by showing that negative messaging about either nuclear technology yields a concomi-
tant, negative effect in support for nuclear power. In the case of nuclear-weapon attitudes, both pro-
and anti-nuclear weapons messages yielded significant in-domain effects, showing that Americans
can be convinced to be either more favorable or more opposed to nuclear weapons. More impor-
tantly, the anti-nuclear power message also had a significant negative effect on nuclear weapons
attitudes, once again underlining the main theoretical assertion that attitudes toward nuclear power
and those toward nuclear weapons are linked in respondents’ minds. As noted above in Section
4.1, it is difficult to fully distinguish whether this linkage is a consequence of some fundamental,
psychological linkage between the two technologies, or whether messaging about one technology
provides subjects with sufficient information to update their beliefs about the alternative technol-
ogy by learning. However, such a mechanism would nonetheless imply that beliefs about the
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Table 14: Study 3 Estimated Treatment Effects

United States Japan
Unadjusted Adjusted Unadjusted Adjusted

Power Index’

Pro-Power 0.161 0.144 0.205 0.180
(0.095) (0.094) (0.084) (0.077)
Pro-Weapon -0.024 —-0.021 0.175 0.112
(0.098) (0.093) (0.086) (0.078)
Anti-Power —-0.326 -0.378 0.074 0.053
(0.099) (0.098) (0.086) (0.079)
Anti-Weapon —-0.245 —0.244 0.146 0.156
(0.102) (0.099) (0.085) (0.078)
Weapon Index*
Pro-Power 0.153 0.150 0.113 0.094
(0.096) (0.091) (0.082) (0.077)
Pro-Weapon 0.158 0.194 0.133 0.078
(0.098) (0.091) (0.085) (0.079)
Anti-Power —-0.149 -0.212 0.050 0.030
(0.098) (0.095) (0.084) (0.080)
Anti-Weapon -0.176 —0.164 0.042 0.049
(0.098) (0.094) (0.083) (0.078)

I The theoretical and actual range of the Power Index was [—3,3] in both the United
States and Japan. The US mean and standard deviation (SD) were 0.136 and 1.256,
respectively. The Japanese mean and SD were —0.681 and 1.458, respectively.

11 The theoretical and actual range of the Weapon Index was [—3, 3] in both the
United States and Japan. The US mean and SD were —0.098 and 1.262, respectively;
the Japanese mean and SD were —1.232 and 1.443, respectively.

HC2 robust standard errors are presented in parentheses under the corresponding
point estimates.

two technologies are correlated at the individual level, such that learning about one technology
elicits consideration of the alternative technology. Since the persuasive messages used through-
out the experimental design explicitly avoided direct linkages between the two technologies, any
such learning would still necessarily rely on existing associations between the two technologies in
respondents’ minds. Ultimately, then, the interdependence in attitudes observed here is strongly
suggestive of a fundamental attitudinal linkage between the two technologies in the mass public.
In contrast to the US survey results, the Japanese survey yielded largely null results, indicating
no attitudinal spillover globally (Hypothesis 1), nor directionally as represented by the power and
weapon ACEs (Hypothesis 2a and Hypothesis 2b). In fact, the the weapon ACE was incorrectly
signed with a negative point estimate, and all point estimates of the effects of anti-nuclear mes-
sages were positive. These estimates may appear bizarre in light of Study 2’s results, where albeit
insignificant point estimates were all negative. The estimates in Study 3 largely appear to be a
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Table 15: Study 3 Hypothesis Testing

Hypothesis Test p-value (United States) p-value (Japan)
H1: Spillover (B3 —B4)+ (11 —p) >0 <0.001 0.427
H2a: Spillover (Weapons) (Bs—PB4) >0 0.018 0.679
H2b: Spillover (Power) (n—m)>0 0.001 0.247
H3a: Effects on Power Index
Pro-Power Bi >0 0.062 0.010
Pro-Weapon B3>0 0.587 0.077
Anti-Power B, <0 <0.001 0.751
Anti-Weapon Ba <O 0.007 0.977
H3b: Effects on Weapon Index
Pro-Power nh>0 0.050 0.111
Pro-Weapon »B>0 0.016 0.162
Anti-Power r<0 0.013 0.646
Anti-Weapon Y1 <0 0.041 0.735

All hypothesis testing conducted with one-tailed tests, with adjusted estimates and o¢ = .05. All standard
errors, except for Spillover, were computed as HC2 robust standard errors. The standard error estimate for
the Spillover test statistic was computed using a bootstrap with 10,000 iterations.

consequence of relatively strong anti-nuclear sentiments among the control group. The unadjusted
control-group averages of the power and weapons attitudes indices were —0.804 and —1.301, re-
spectively. As a result, while attitudes toward both nuclear technologies remained negative for all
treatment groups, the average among control subjects was of a larger magnitude than that of any
other group. With this being said, the estimated effects of the pro-nuclear energy message on at-
titudes in domain were positive and significant. This estimate suggests a receptiveness among the
Japanese public to persuasive messaging in favor of nuclear power, and has potential ramifications
for mass persuasion campaigns by industry or the government, as the Abe administration continues
to restart nuclear plants throughout the country nine years after the Fukushima Daiichi accident.

In general, the Japanese survey reveals unclear evidence of functional interdependence—the
tests associated with Hypothesis 1, Hypothesis 2a, and Hypothesis 2b all yield null results, con-
firming the suspicions formed in Study 2, that the Japanese public does not appear to systemati-
cally relate the two technologies. At the same time, we observe some potential signs of spillover
in the estimated effects of nuclear-weapons messages on nuclear-power attitudes in Study 3. The
anti-nuclear weapons message yielded a large and positive effect on nuclear-power attitudes that
is weakly significant according to a two-tailed test (p = .046). This finding runs contrary to our
theoretical predictions and warrants further examination—though it is plausible that, if Japanese
respondents truly do consider nuclear weapons and nuclear power separate, anti-nuclear weapons
messaging may enhance the relative acceptability of nuclear power. Nonetheless, even with these
apparent aberrations, the null hypothesis of no functional interdependence cannot be rejected (Hy-
pothesis 1, Hypothesis 2a, and Hypothesis 2b).

Overall, then, the results from these two surveys offer clear empirical support of the implica-
tions of the theory laid out above, that persuasive messaging that links nuclear weapons and nuclear
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power creates enduring associations in mass attitudes toward the two technologies. In Japan, where
such messaging has historically been minimal and anti-nuclear power activists have largely been
excluded from the political discourse, we observe a Japanese public with unrelated, and highly
stable, views on both military and civilian nuclear technologies. The US public, in contrast, is sub-
stantially more receptive to persuasive information, and shows clear evidence of spillover across
domains; Americans fundamentally relate nuclear power and nuclear weapons, such that messag-
ing about one technology also imposes a shift in attitudes toward the other technology.

7 Conclusion

Prior research on constrained beliefs in mass attitudes has failed to find evidence of functional
interdependence, even in the presence of strong static constraint. In contrast, the studies presented
here provide conclusive evidence of functional interdependence in American attitudes toward nu-
clear technologies, offering new insight into enduring questions regarding the nature of beliefs in
mass publics. Moreover, this interdependence appears to rest on a fundamental, psychological
association between the two technologies—instead of some logical coherence between the two
technologies alone. Yet, where the US public shows a clear connection in attitudes toward nu-
clear power and nuclear weapons, Japanese respondents show little evidence of such a linkage.
This distinction is particularly interesting in light of the fact that US and Japanese samples show
largely comparable correlations in attitudes across domains. A further examination suggests that
the persuasibility of these publics may be a contributing factor. American attitudes toward nu-
clear technologies are somewhat flexible, with anti-nuclear messaging yielding particularly strong
effects both within and across domains. While Study 3 showed that Japanese citizens can be per-
suaded to be more supportive of nuclear power after reading positive persuasive information about
the technology, Japanese attitudes toward nuclear weapons remain unaffected by even strong per-
suasive messaging about each technology.

The contrasts in spillover among Japanese and American samples suggest a fundamental dif-
ference in how the two mass publics conceptualize, and relate, nuclear technologies. The clear
evidence of functional interdependence in the United States is consistent with the historical suc-
cess of anti-nuclear persuasion campaigns that tied military and civilian technologies together.
These campaigns may have had lasting effects on US attitudes toward both technologies. While
these results alone cannot be used to identify the effects of historically different courses of mass
messaging on nuclear technologies in the two countries, if this narrative is true, then the apparent
strength of this cross-domain linkage in 2020 is a testament to the ranging influence of persua-
sion campaigns that gained full steam in the 1970s—and to the potential of persuasive messaging
to establish enduring attitudinal relationships. The findings in the United States thus hold poten-
tially extensive implications for theories regarding the influence of persuasive messaging on mass
attitudes. To the extent that attitudes in any domain are functionally interdependent, mass mes-
saging in one policy context could have unintended consequences for attitudes in other domains,
potentially yielding lasting opinion shifts in multiple, interrelated policy domains.

On the other hand, the lack of an apparent connection between Japanese attitudes toward nu-
clear power and those toward nuclear weapons may signify the potential for elite actors to stymie
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attitudinal interdependence: pro-nuclear interests in Japan used consistent persuasive messaging
over decades in an effort to shape mass support for nuclear power while nonetheless maintaining
strong condemnation of nuclear weapons.*' To the extent that the results presented here indicate
the success of these efforts, then these findings also indicate the ability of elites to engineer mass
belief systems in order to reduce or eliminate attitudinal relationships.

Regardless, the difference in attitudinal linkages in the United States and Japan has further ram-
ifications for US-Japanese diplomacy, and particularly for ongoing policy discussions regarding the
US-Japan alliance and the countries’ involvement in global commercial nuclear energy production.
In the context of the US-Japan relationship, the difference in US and Japanese results suggests that
US concerns regarding Japan’s commercial nuclear industry may be overstated. Japanese attitudes
toward nuclear weapons are solidly negative, robust to strong persuasion, and show little relation-
ship to attitudes regarding nuclear power. It is worth noting that all point estimates of the effects
of persuasive messages on nuclear-weapons attitudes were negative.*” The confirmatory trial will
clarify whether these results hold in a higher-powered and representative sample. Even if Japanese
political elites do not share such attitudinal predispositions with the broader populace, constituent
attitudes likely represent a salient constraint on their preferred policies. It would be extremely
costly for Japanese policymakers to persuade the public to accept nuclear armament, let alone to
bypass the electorate altogether.

Japan’s experience with both nuclear power and nuclear weapons is unique, and we cannot
reasonably generalize these results to other states that may represent proliferation risks. Nonethe-
less, the comparison explored here highlights Japan’s importance as a case for future research on
nuclear attitudes. In particular, the separation between attitudes toward nuclear power and those
toward nuclear weapons reveals a potential path for promoting the peaceful use of nuclear power
without increasing the risk of proliferation. As nuclear power is often promoted as both an efficient
and carbon-neutral energy source, such potential is especially salient given the pressures posed by
climate change in an increasingly industrialized world. This is not to say that promoting nuclear
power in itself is desirable. As the 2011 Fukushima disaster demonstrates, nuclear power is not
without severe risks even apart from the possibility of proliferation. Nonetheless, as countries and
mass publics continue to weigh the utility of peaceful nuclear energy, it will remain critical to as-
sure that the technology’s future remains proliferation-free. To the extent that lessons learned in
Japan may promote such an outcome, in keeping with the spirit of the Non-Proliferation Treaty,
policymakers and academics alike should continue to pay close attention to this particular case.

411t has been argued that this achievement owes, as well, to decades of strong government control over anti-nuclear
messaging and protests (Aldrich, 2010; Jones et al., 2013).

4“2While the point estimate of the effect of pro-nuclear weapon messaging on nuclear-power attitudes was positive,
I show that Japanese attitudes toward nuclear weapons are unlikely to grow more positive, even in the face of strong
persuasive messaging. More to the point, the influence of pro-nuclear weapons attitudes on nuclear-power attitudes is
irrelevant to discussions regarding the proliferation risks posed by Japan’s commercial nuclear industry.
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A Treatments

A.0.1 Pro-Power Treatment

Environmental Radiation

Contrary to popular belief, nuclear power poses little health risk from radiation. We are constantly
exposed to natural radiation—from the ground, from cosmic rays, and even from the food we
eat. In fact, a person living within 50 miles of a nuclear power plant for a year is exposed to less
radiation than they would get from eating a banana, which naturally contains radioactive potas-
sium. All the nuclear power plants in the world emit only a fraction of the natural environmental
radiation that people are exposed to. A typical nuclear power plant in the United States doesn’t
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even release enough radiation to cause one cancer death per year.
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Waste and environment

Nuclear power generates remarkably little waste. Nuclear plants emit zero carbon waste. Even
with uranium mining, nuclear is an exceptionally clean energy source. As a result, experts have
often cited nuclear energy as the only viable solution to climate change. Nuclear waste could
be dangerous if stored unsafely, but it is no more harmful than other toxic industrial wastes. In
fact, nuclear waste can be stored safely above ground for decades, and for thousands of years
underground, without any risk of toxic leaks. Nuclear materials have existed naturally in the
earth’s crust for millions of years, without harming humans.
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Accidents

There is at most a 1 in 10,000 chance of a major nuclear accident occurring somewhere in the
world each year. Modern nuclear plants use several layers of defenses and redundancies to stop
accidents from affecting members of the public. The United States has a particularly good safety
record. A nuclear accident absolutely does not mean a catastrophe. Chernobyl, the worst nuclear
accident in history, caused fewer deaths than the number of people wh o die in car accidents
in the United States in a typical year. Most of these deaths (and the accident itself) could have
been avoided with better government control. Experts have noted that the Fukushima nuclear
disaster was caused by a highly unusual tsunami. Even so, it caused zero deaths in the public
and will not cause any in the future. New nuclear reactor designs are even safer. Even without
human intervention, new passive safety features make accidents like Chernoybl and Fukushima
physically impossible. Nuclear power plants are also designed to withstand terrorist attacks and
most natural disasters.
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Economics and Efficiency

Nuclear power is extremely efficient. It uses very little fuel compared to how much electricity it
can generate. The cost that consumers pay for nuclear-generated electricity factors in all other
cost considerations. Nuclear power is actually the only energy source that includes all of these
costs, yet it is still very affordable to consumers. The efficiency of nuclear power means it also is
great for industry and business, since it can provide so much electricity at such a low cost. More
research into uranium sources and mining could make nuclear power even more efficient and
cheaper. Nuclear power also provides energy security—because it is so efficient, it necessitates
very little importation of overseas resources.
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A.0.2 Anti-Power Treatment

Environmental Radiation

Natural radiation exists all around us, but nuclear power plants expose the public to excess
radiation each day. Nuclear power adds an unnecessary, unnatural source of radiation into our
environment, posing serious health risks. While natural environmental radiation can cause cancer,
people living close to nuclear power plants are exposed to higher doses of radiation—the closer
a person lives to a plant, the greater their exposure. A typical nuclear power plant in the United
States releases enough radiation to cause around one cancer death per year that would otherwise
be avoided.

SRR Z BRI N ICEEL £ 90 BT /IREIC K Y A5 1EH « BEDLEIC
Wﬁ#é L2 E9. ALWNGHERERII NV EREBFE) A/ %23 25FD T,
HIRFAS RO IR JHINIC 2 W & £ 9 hy. HF/JRETITICED A 2 13FEIC O i E
T, FOEGWIIFEETICITWIZ WML £9. HARDJFEF/IREMR —HEn»SRAE
T AR EIL 2 EFRITIAD AZIEIC K VLTI ¥ BICIUHL 90, CHITRE
AT 3 2 2 ULHIF 2 0T, ﬁ#%ﬁﬁﬁﬂﬁ%ﬁ%&fmwsyﬁﬂ%ﬁﬁf%%
T LR EIL. IFICTEEERIB0AZIFEIC X A MICIBEVWSCE 2N TE LR T,

Waste and environment

Nuclear power plants literally produce tons of waste. A typical nuclear power plant requires
hundreds of tons of mined uranium. There are currently over 70,000 tons of waste from nuclear
plants in the United States. Nuclear waste can remain toxic for millions of years. Scientists claim
that this toxic waste can be safely stored underground, but tests of these technologies have failed
due to leaks of contaminated wastes. In the meantime, most nuclear waste is stored at nuclear
power plants, often out in the open. This short-term storage is dangerous, but long-term storage
would be even more so, since it would eventually leak into the surrounding environment and
ground water, harming anyone living nearby.
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Accidents

Claims that nuclear power is safe from accidents are a myth. Small accidents happen at nuclear
plants with alarming frequency. And, there have been several major nuclear accidents over the
history of nuclear power. Some of the most severe accidents occurred in the United States. These
events have shown failures in defenses and redundancies that advocates claim make nuclear power
plants safe. Some of these defenses, like coolant systems, are unreliable even during normal
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operation, and total failure can cause hydrogen explosions that lead to massive releases of toxic
materials. This is what happened in the Three Miles Island accident in Pennsylvania, and more
recently in Fukushima. Chernobyl, the worst nuclear accident in history, is estimated to have
caused 30,000 - 500,000 deaths.
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Economics and Efficiency

Nuclear power is full of hidden costs that make it unreasonably expensive. Nuclear power plants
almost always suffer from severe cost overruns and delays in construction, and these costs are
passed on to the consumer. Mined uranium reserves are limited, and could grow more expensive
over time, while methods for recycling nuclear fuel are excessively overpriced. Nuclear power also
supports excessive government control and centralized big business, even though smaller-scale,
decentralized power generation methods could be used more efficiently and cheaply by consumers
throughout the United States. As it stands, nuclear power is probably the most expensive source
of electricity in the United States.
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A.0.3 Pro-Weapon Treatment

Deterrence

Contrary to popular belief, many experts agree that nuclear weapons in the hands of a few
responsible countries make the world safer and more peaceful. This is because nuclear weapons
are so destructive that no country would want to use them, for fear of inviting retaliation. Countries
like the United States have nuclear weapons that can be launched even after a full-scale nuclear
strike from an enemy. As a result, any attacker could be destroyed, even after it attacks first. These
mutual threats keep countries from attacking each other even with non-nuclear weapons. As a
result, the world has been a safer place, with less war since the invention of nuclear weapons. In
fact, many experts believe that nuclear weapons are the main reason why the United States and
Russia did not go to war after World War II.
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Safety and accidents

Existing nuclear weapons can be stored and maintained safely. In the United States, bombs are
also designed to be safe against accidental nuclear explosions. Even if a nuclear weapon were shot
with a gun, dropped out of an airplane by accident, or attacked with a normal bomb, this would
not trigger a nuclear explosion. The non-nuclear components of American bombs are also tested
every year to make sure they are safe and work properly. Today’s nuclear weapons are also less
destructive than they once were. The destructive yields on weapons have come down since the
Cold War. During the Cold War, the US stockpile reached over 30,000 warheads. That number is
now closer to 6,500. This reduction reduces any chances of accidents, but does not make nuclear
weapons less effective.

PALERIITLICRE SN WX T, 7 4 ) TofEmIE. FC X ERMES
ZWEIFESNTEY . LTREND . BFRE DETLTL X720 WEOME
BCHEEINY L TIUHMEICES TV EIICE > T X T /20 JEIERICT L
THHFREM EFSEEMEORER I T DN TV E 9, PSRBT LI L T
9. i3 =itz 727 A ) AR R EEUIBLEES001C1H 5 X Tk L. FhilX
OufREMEIL & D HEN 2 F PATERORSREM B RIZZLL TV X EA.

Environment
Nuclear weapons were initially tested in the atmosphere and underground, but this is no longer the
case. The United States has not conducted atmospheric tests since 1962, and it has not conducted
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underground tests since 1992. American scientists can now use computer simulations to assess the
reliability of US nuclear weapons with greater confidence than a test in any environment would
give them. This means that the United States is very unlikely to test weapons in the atmosphere
or underground again. Fallout from these past tests is also not something to be concerned about,
as natural radiation is all around us anyway. Although there have been issues of contamination at
former nuclear-weapons production sites, such as the Hanford Site in Washington, the government
has made major efforts to clean up these sites.
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Proliferation

It is difficult for rogue states to attain enough nuclear materials to make bombs because of the
high level of security required, technical difficulties, and costs involved in production. It would be
even more difficult for terrorists to attain these materials. A large amount of radioactive materials
are required to build even a single nuclear device, so it would be very difficult to produce or obtain
these materials without being noticed. The US intelligence community is extremely careful about
monitoring these materials. The US government is also constantly working to maintain security
against terrorists who may want to steal or use nuclear materials. US nuclear weapons are locked
with electronic passcodes that prevent their unauthorized use. The US government takes extreme
care in vetting people who work with nuclear arms. The United States also works with a massive
international effort to protect these materials from getting into the wrong hands. These efforts
include thorough inspections of nuclear sites and work to stop countries or groups that want to
proliferate. If the international community catches attempts to proliferate, prompt military action
can be used.
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A.0.4 Anti-Weapon Treatment

Deterrence

As long as nuclear weapons exist, even in the hands of a few countries, we are all in grave danger
of being wiped out completely. The United States used nuclear weapons in World War II, and has
considered using them in combat in many other conflicts, including as recently as the 1990s. Even
a single use of nuclear weapons could lead to a global nuclear war that would change life as we
know it. Since the US nuclear arsenal can survive large-scale attacks, some claim that no enemy
would think to attack America or its allies. Even if that is true, there were several occasions during
the Cold War when nuclear weapons were almost launched, including by the United States and
the USSR. Even one such accidental launch could result in large-scale nuclear war. Plus, countries
can still try to use nuclear weapons to destroy all of their adversaries’ retaliatory forces. If nuclear
war did break out, it would have the potential to end all human life.
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Safety and accidents

Nuclear weapons are dangerous to store, yet are not properly maintained. American bombs are
designed to be safe against unauthorized or accidental use, but the technologies used to build and
protect nuclear weapons are also decades out of date. The nuclear components of US bombs have
not been tested since the early 1990s. We actually do not even know if our nuclear warheads will
work when detonated on purpose, let alone whether they are safe against accidental detonation.
Nuclear weapons are still the most destructive weapons in the world, and could potentially destroy
all life on the planet. There are still around 6,500 nuclear weapons owned by the United States
today, and these weapons are no more accurate than those deployed during the Cold War. The
danger of their accidental use is greater than ever.

HALER DO RFICIE GV E Th. BLICHREIN TV S EIETE 2TV o BUR
TT., T A AOISEHIIIEMERECHIC L BIRREC LY hFEE L s B E
SN TV ETh B dilE RO REICHH I N TV A THNIMHELFDODL DT
ww®$ DERIZI990ERYIIHLFET 2 h INTW ERHA . BRICHT L EZLTH S 0.

CIEFERBRICHERAL Tz s i < &of:l’»%?ff%%ﬁféﬁ‘éb\ REEDS VD TT, Fh
?% Mgl I A TR BE 10 &H 5128 T HIER F3 X T4 28K 3 5 0] HE

46



MzWdTWET. 747 iﬁf%ﬁoooﬁf/\/\%ﬁ%ﬁﬁﬁ LTHY . oD mEK
ilj ”)E}bokaﬁ‘m A, B X DT B L@ TT.

Environment

Almost 530 nuclear weapons have been tested in the atmosphere, many of them by the United
States. The fallout from these tests has released so much radiation into the environment that it
still causes cancer deaths to this day. A number of these tests were even carried out in the United
States. Most countries in the world are signatories of the Comprehensive Test Ban Treaty, which
bans all nuclear explosions in all environments. The United States has signed, but over 20 years
later, it still hasn’t ratified the treaty. This means the United States could ostensibly test weapons
in the atmosphere at any time. Nuclear-weapons production also has had serious consequences
for the environment. Enriching nuclear materials to be usable in weapons created an immense
amount of waste. As a result, nuclear-weapons sites have led to environmental contamination in
the United States. The Hanford Site in Washington, for instance, is the most contaminated site in
the United States. As of 2013, there were still radioactive leaks into the soil and water there.
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Proliferation

If they are determined enough, rogue states could attain enough nuclear materials to make bombs,
despite the high level of security required, technical difficulties, and costs involved in production.
Throughout history, multiple states have obtained nuclear weapons despite strong US efforts to
stop them. The United States has also failed to detect clandestine efforts to trade nuclear materials
and technologies. This is despite considerable efforts on the part of the United States to constantly
monitor these potential flows. In fact, rogue states or terrorists could even steal unprotected
nuclear arms from the United States. In 2007, several nuclear warheads were accidentally loaded
onto a US Air Force bomber and left out in the open on the tarmac for a day and a half. This
was despite numerous security precautions. Today, even more countries seem to want nuclear
weapons. This could overwhelm international efforts to keep nuclear materials away from rogue
states and terrorists. If more countries get nuclear weapons, the risk of a nuclear war will grow
exponentially larger. These states could even sell their nuclear materials to terrorists. And, it
will be extremely difficult for the United States to stop those states or terrorist groups with mili-
tary action. US nuclear arms do not keep us safe, but merely pose a risk for dangerous proliferation.
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A.0.5 Nuclear Placebo

Atoms

The idea that all matter is composed of tiny elements invisible to the naked eye has existed
since the times of ancient Greece and India. However, the modern concept of the atom, and the
study of physics and chemistry that build on these ideas, is not even 200 years old. The word
“atom” actually comes from ancient Greek. However, the first experimental investigations into
atoms began in the 1800s, when John Dalton started theorizing about reactions between different
elements.

Electrons

It was not until later in the 1800s, well after the discovery of the atom, that physicist J. J.
Thompson discovered the negatively charged electron. These electrons were soon found to be
the same particles that carry electricity through wires. This innovative work won Thompson the
Nobel Prize in Physics in 1906. This discovery was not only important to future science in the
fields of physics, chemistry, and engineering. Thompson’s work also proved that atoms were not
the smallest unit of matter in the universe.

Nuclear Physics

The field of nuclear physics arose in 1896 when Henri Becquerel discovered radioactivity. In
1909, physicists discovered the nucleus of the atom. With electrons and the nucleus having been
researched in the lab, some scientists turned their attention toward the development of theoretical
models of atoms. The first of these models were proposed by Ernest Rutherford and Niels Bohr
in 1911 and 1913, respectively. Their models both conceptualized a small, dense nucleus full
of positively charged protons, surrounded by negatively charged electrons. As time went on,
other scientists around the world, including Marie and Pierre Curie and Becquerel, realized
other phenomena around atoms. These included radioactive decay, in which an atom’s nucleus
disintegrated, causing that element to “transmute” into other elements. The first laboratory
evidence of this phenomenon was observed in 1917.

Nuclear Reactions

In 1916, chemists realized that chemical reactions were the result of chemical bonds between
atoms. In 1932, scientists used protons to split the nucleus of a lithium atom, in an experiment that
eventually won the Nobel Prize in Physics. The neutron was discovered that same year. By 1934,
Enrico Fermi was working with colleagues on bombarding heavy elements with neutrons. This
work soon earned him a Nobel Prize. Around this time, physicist Le6 Szilard had begun thinking
about the possibility of a reaction in which neutrons could cause heavy atoms to fission, producing
more neutrons, and more fissions. The nuclear reaction was achieved in the lab in 1932, while the
first sustained nuclear chain reaction was achieved in late 1942.
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B Study 1 Survey First-Order Treatment Effect Estimates

Model specifications are described in Section 5.2.

Table 16: US Study 1 Regression Coefficients of First-Order Treatments (Index Outcomes)

Model Specification
Outcome (1) 2) 3) 4) (®)] (6)
Power Index

Pro-Power 0.530 0.429 0.364 0.459 0.412 0.362
(0.221) (0.218) (0.218) (0.215) (0.216) (0.210)

Pro-Weapon 0.229 0.272 0.242 0.289 0.267 0.226
(0.224) (0.224) (0.225) (0.229) (0.222) (0.226)

Anti-Power -0.331 -0.427 -0.475 -0.404 -0.448 -0.467
(0.245) (0.238) (0.239) (0.239) (0.236) (0.235)

Anti-Weapon 0.049 0.044 0.077 0.041 0.022 0.044
(0.258) (0.242) (0.242) (0.240) (0.240) (0.237)

Weapon Index

Pro-Power 0.289 0.154 0.135 0.173 0.138 0.140
(0.228) (0.212) (0.210) (0.214) (0.203) (0.203)

Pro-Weapon 0.252 0.276 0.286 0.300 0.260 0.279
(0.217) (0.209) (0.205) (0.211) (0.204) (0.200)

Anti-Power -0.019 -0.171 -0.203 -0.159 -0.185 -0.198
(0.237) (0.216) (0.209) (0.216) (0.210) (0.203)

Anti-Weapon —-0.088 —-0.127 —-0.038 -0.122 —0.156 —-0.089
(0.240) (0.205) (0.203) (0.204) (0.199) (0.196)

Model (1) refers to the regressions of each given outcome on the main treatments, plus the pure-control
condition. Models (2) — (6) all include demographic controls; Models (3) — (6) respectively add in covariates
regarding attitudes toward federal spending variables (Model (3)), attitudes toward science and technology
(Model (4)), attitudes toward the environment and climate change (Model (5)), and all covariates included in
Models (2) — (5) (Model (6)). Estimated HC2 robust standard errors on each coefficient are presented in
parentheses under the corresponding coefficient.
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Table 17: Japanese Study 1 Regression Coefficients of First-Order Treatments (Index Outcomes)

Model Specification
Outcome (1) 2)
Power Index
Pro-Power 0.525 0.348
(0.193) (0.211)
Pro-Weapon 0.179 0.115
(0.198) (0.224)
Anti-Power -0.126 -0.184
(0.182) (0.205)
Anti-Weapon 0.164 0.003
(0.180) (0.218)
Weapon Index
Pro-Power 0.345 0.066
(0.215) (0.271)
Pro-Weapon 0.066 -0.117
(0.213) (0.265)
Anti-Power -0.283 —-0.269
(0.196) (0.254)
Anti-Weapon 0.065 0.039
(0.202) (0.259)

Model (1) refers to the regressions of each given outcome on the main
treatments, plus the pure-control condition. Model (2) includes all
demographic controls. Estimated HC2 robust standard errors on each
coefficient are presented in parentheses under the corresponding coefficient.
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C BART Paragraph Selection Results

C.1 US BART Results

Table 18: Selected Messages (constrained to one paragraph)

Pro-Energy Treatment

Combined v X X X 0.364
Power v X X X 0.283
Weapon X X X v 0.079
Anti-Energy Treatment
Combined X v X X —1.081
Power X v X X —0.515
Weapon X v X X —0.528
Pro-Weapon Treatment
Combined 4 X X X 0.214
Power v X X X 0.071
Weapon v X X X 0.138
Anti-Weapon Treatment
Combined v X X X —0.347
Power v X X X —0.147
Weapon X X X v —0.258
Table 19: Selected Messages (constrained to two paragraphs)
Pro-Energy Treatment
Combined v X X v 0.859
Power v X X v 0.552
Weapon v X X v 0.274
Anti-Energy Treatment
Combined X v X v —1.279
Power X v X v —0.707
Weapon X v X v —0.554
Pro-Weapon Treatment
Combined 4 X 4 X 0.449
Power v X v X 0.139
Weapon v X X v 0.316
Anti-Weapon Treatment
Combined v X X v —0.466
Power v 4 X X —0.258
Weapon v X X 4 —0.332
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Table 20: Selected Messages (constrained to three paragraphs)

Pro-Energy Treatment

Combined v v X v 0.826
Power v v X v 0.636
Weapon v X 4 v 0.230
Anti-Energy Treatment
Combined X v v v —1.197
Power X v v v —0.762
Weapon X v v v —0.439
Pro-Weapon Treatment
Combined v X v v 0.678
Power v v v X 0.228
Weapon v X v v 0.505
Anti-Weapon Treatment
Combined v v X v —0.357
Power v v X v —0.101
Weapon v X 4 v —0.278
Table 21: Selected Messages (constrained to four paragraphs)
Pro-Energy Treatment
Combined v v v v 0.466
Power v v v v 0.375
Weapon v v v v 0.106
Anti-Energy Treatment
Combined v v v v —0.674
Power v v v v —0.517
Weapon v v v v —0.193
Pro-Weapon Treatment
Combined v v v v 0.657
Power v v v v 0.245
Weapon v v v v 0.415
Anti-Weapon Treatment
Combined v v v v —0.056
Power v v v v 0.094
Weapon v v v v —0.167
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Table 22: Selected Messages (unconstrained)

Pro-Energy Treatment
Combined
Power
Weapon

Anti-Energy Treatment
Combined
Power
Weapon

Pro-Weapon Treatment
Combined
Power
Weapon

Anti-Weapon Treatment
Combined

Power

Weapon

AN N T NN

SNSSN

> \ X% SSS *x \ X%

x N\ X%

SNSS > N\ X > X X

*x X X

AN SNSSN AN

AN

0.859
0.636
0.274

—-1.279
—0.762
—0.554

0.678
0.245
0.505

—0.466
—0.258
—0.332
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C.2 Japanese BART Results

Table 23: Selected Messages (constrained to one paragraph)

Pro-Energy Treatment

Combined v X X X 0.589
Power v X X X 0.240
Weapon v X X X 0.339
Anti-Energy Treatment
Combined X X v X —0.930
Power X X v X —0.597
Weapon X X v X —0.318
Pro-Weapon Treatment
Combined X X 4 X 0.296
Power X 4 X X 0.062
Weapon X X v X 0.252
Anti-Weapon Treatment
Combined 4 X X X —0.384
Power X v X X —0.238
Weapon v X X X —0.167
Table 24: Selected Messages (constrained to two paragraphs)
Pro-Energy Treatment
Combined 4 X X 4 0.907
Power v X 4 X 0.401
Weapon 4 X X v 0.562
Anti-Energy Treatment
Combined X 4 v X —1.274
Power X 4 v X —0.686
Weapon X v v X —0.579
Pro-Weapon Treatment
Combined X v v X 0.538
Power v v X X 0.211
Weapon X v v X 0.344
Anti-Weapon Treatment
Combined v v X X —0.662
Power v v X X —0.343
Weapon v v X X —0.313

55



Table 25: Selected Messages (constrained to three paragraphs)

Pro-Energy Treatment

Combined v X v v 1.061
Power v v v X 0.675
Weapon v X 4 v 0.619
Anti-Energy Treatment
Combined X v v v —1.114
Power X v v v —0.583
Weapon X v v v —0.517
Pro-Weapon Treatment
Combined v v v X 0.476
Power v v v X 0.283
Weapon v v v X 0.194
Anti-Weapon Treatment
Combined v v 4 X —0.525
Power v v 4 X —0.375
Weapon v 4 X v -0.315
Table 26: Selected Messages (constrained to four paragraphs)
Pro-Energy Treatment
Combined v v v v 1.230
Power v v v v 0.726
Weapon v v v v 0.566
Anti-Energy Treatment
Combined v v v v —0.718
Power v v v v —0.364
Weapon v v v v —0.347
Pro-Weapon Treatment
Combined v v v v 0.152
Power v v v v 0.127
Weapon v v v v 0.025
Anti-Weapon Treatment
Combined v v v v —0.045
Power v v v v 0.059
Weapon v v v v —0.103
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Table 27: Selected Messages (unconstrained)

Pro-Energy Treatment
Combined
Power
Weapon

Anti-Energy Treatment
Combined
Power
Weapon

Pro-Weapon Treatment
Combined
Power
Weapon

Anti-Weapon Treatment
Combined

Power

Weapon

> N\ % x X X ANENEN

SNSSN

NN N S R NN

SNSSN

NSNS SNSNSN AN

x N\ X%

*x X X *x X X% ANANEN

N\ X %

1.230
0.726
0.619

—1.274
—0.686
—0.579

0.538
0.283
0.344

—0.662
—0.375
—0.315
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D Additional Results

E Pre-Confirmatory Study Power Analysis

Results of power analyses based on the effects estimated in Study 2, Survey 2 are presented below.

Power analyses were performed using five inferential targets: 1.) individual effects of each
treatment on each outcome (B, 5, B3, and B4 from Model 2.1; and 1, 5, 73, and y4 from Model
2.2); 2.) within-domain coefficient differences (B; — 8, and B3 — B4 in Model 2.1; and y, — P>
and 73 — 7 in Model 2.2); 3.) the sum of within-domain coefficient differences on out-of-domain
outcomes ((f3 — Bs1) + (1 — 12)); 4.) Wald-type tests of the joint significance of within-domain
treatments on each outcome; and 5.) seemingly unrelated regressions (SURs) comparing out-of-

domain effects from both Model 2.1 and Model 2.2 with a Wald test.*?

E.1 Power Analysis Results
E.1.1 Individual Effects

Table 28: Full Model

Treatment

Power Index

Simulated N Pro-Power Anti-Power Pro-Weapon Anti-Weapon
2000 0.998 0.998 0.796 0.082
2500 0.999 0.999 0.872 0.093
3000 1.000 0.999 0.920 0.095

Weapon Index

Simulated N Pro-Power Anti-Power Pro-Weapon Anti-Weapon
2000 0.577 0.595 0.999 0.238
2500 0.664 0.682 1.000 0.269
3000 0.737 0.750 1.000 0.309

43SURs are fit in Stata, using data generated in R.
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Table 29: Full Model (halved effects)

Treatment

Power Index

Simulated N Pro-Power Anti-Power Pro-Weapon Anti-Weapon
2000 0.746 0.755 0.347 0.063
2500 0.814 0.828 0.397 0.069
3000 0.873 0.885 0.455 0.070

Weapon Index

Simulated N Pro-Power Anti-Power Pro-Weapon Anti-Weapon
2000 0.233 0.250 0.851 0.118
2500 0.269 0.277 0.912 0.131
3000 0.304 0.320 0.950 0.140

Table 30: Full Model (null effects)
Treatment

Power Index

Simulated N Pro-Power Anti-Power Pro-Weapon Anti-Weapon
2000 0.050 0.050 0.051 0.048
2500 0.052 0.055 0.054 0.050
3000 0.048 0.050 0.051 0.050

Weapon Index

Simulated N Pro-Power Anti-Power Pro-Weapon Anti-Weapon
2000 0.049 0.052 0.051 0.049
2500 0.051 0.050 0.046 0.053
3000 0.050 0.048 0.050 0.051
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E.1.2 Within-Domain Coefficient Differences

Table 31: Coefficient Differences

Coefficient Difference

Power Index

Weapon Index

Simulated N Power Weapon Power Weapon
2000 1.000 0.865 0.979 1.000
2500 1.000 0.928 0.994 1.000
3000 1.000 0.959 0.999 1.000

Table 32: Coefficient Differences (halved effects)
Coefficient Difference
Power Index Weapon Index
Simulated N Power Weapon Power Weapon
2000 0.999 0.389 0.580 0.935
2500 0.999 0.467 0.676 0.972
3000 1.000 0.516 0.750 0.986
Table 33: Coefficient Differences (null effects)
Coefficient Difference
Power Index Weapon Index
Simulated N Power Weapon Power Weapon
2000 0.049 0.050 0.051 0.047
2500 0.051 0.049 0.053 0.048
3000 0.051 0.052 0.050 0.050
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E.1.3 Summed Differences

Table 34: Power Analysis of Summed Cross-Domain Effects

Base Halved
Simulated N Specification Effects Null Effects
N =2000 1.0000 0.9815 0.0489
N = 2500 1.0000 0.9942 0.0451
N = 3000 1.0000 0.9986 0.0490
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E.1.4 Wald Test

Table 35: Coefficient Differences

Coefficient Difference
Power Index Weapon Index
Simulated N Power Weapon Power Weapon
2000 1.000 0.778 0.924 1.000
2500 1.000 0.876 0.971 1.000
3000 1.000 0.925 0.989 1.000
Table 36: Coefficient Differences (halved effects)
Coefficient Difference
Power Index Weapon Index
Simulated N Power Weapon Power Weapon
2000 0.990 0.253 0.365 0.875
2500 0.998 0.315 0.448 0.944
3000 0.999 0.373 0.527 0.970
Table 37: Coefficient Differences (null effects)
Coefficient Difference
Power Index Weapon Index
Simulated N Power Weapon Power Weapon
2000 0.051 0.053 0.052 0.045
2500 0.053 0.052 0.048 0.050
3000 0.051 0.054 0.049 0.050
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E.2 Seemingly Unrelated Regressions

Table 38: Power Analysis of Summed Cross-Domain Effects

Base

Simulated N Specification
N =2000 0.912
N =2500 0.967
N = 3000 0.988
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