Space policy has always been sensitive
to public opinion. Recently there has
been an increase In public concern over
the risks posed by space flight, not just
to astronauts, but to the public itself. In
order to forestail problems, the US
Nationa! Research Council has recom-
mended continuously monitoring and
addressing public preceptions of space
risks. The present study demonstrates
a methodology for eliciting public con-
cerns regarding the design of space
missions, with a specific focus on the
use of nuclear energy sources in space.
Applied to a sample of cilizens drawn
from an environmentalist group, the
survey found their opinions to be fairly
pointed, consistent and reasonable.
The possibilities of incorporating such
views in setting space policy are dis-
cussed,
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Public views of using
nuclear energy sources
in space missions

Michael Maharik and Baruch Fischhoff

Energy ~ reliable, abundant and portable — is essential to developing
and sustaining a human presence in space. Traditionally these needs
have been met with chemical and solar energy sources. Unfortunately
chemical sources have a limited operating life, while solar energy
sources have a limited maximum available output, in addition to being
infeasible for missions far from the Sun. Nuclear energy sources can not
only address these problems, but also provide several other advantages,
including compact size, low-to-moderate mass, viability in hostile
environments, independence of distance and orientation to the Sun and
high reliability When power requirements exceed the hundreds of
kilowatts for an extended period nuclear energy appears to be the only
realistic power option.

One threat to this potential is that nuclear energy systems are also
representative of a highly controversial technology. For many years the
public either accepted or was unaware of the extensive use of nuclear
technologics in space missions. However, this (active or passive)
acceptance has changed in recent years. Both the Galileo and Ulysses
launches have faced public protests, inchuding lawsuits and
demonstrations ' Figure 1, reproduced from a ‘Call to Action’ published
by an activist group, reflects some of these concerns.

With these protests, the space community is discovering that it has a
risk-perception problem, just as many other technologies have had
before it * The consequences of such problems can be very large. Not a
single new nuclear power plant has been ordered in the USA since 1978,
in large part because of public opposition.® Recognizing the possible
implications of a risk-perception problem for space nuclear technology,
the National Research Council advised the responsible federal agencies
to address such problems early, arguing that ‘it is quite possible that one
might end with a technically successful program that, for political
reasons, is never permitted to fly. Given public attitudes towards
nuclear energy, this risk is not negligible ™

If the space community is to respond effectively it needs a clear,
objective reading of the public’s precise concerns. Experience with
other technologies has shown that it is very easy to misread the public.
Sometimes the resuit is to dismiss the public as irrational; at other times
extensive redesign efforts still fail to provide the public with what it
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Figure 1. Hlustration from an environ-
mentalist pamphlet.

Source: Fiarida Cealition for Peace and
Justice, Summer 1990
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EnvironmenTtal
THReAT

n
the fall of
1990 the

Depart-
ment of En-
ergy (DOE)

and NASA

’H," plan to launch
Ry 24 pounds of
PR ' plutonium 238

© . X

into space from
the Kennedy Space
Center.

__Plutonium is the most toxic
substance in the universe.

wants. [n either case the result is mutual frustration and growing
hostility *

In the hope of reducing unnecessary conflict, we have undertaken a

programme of research studying public perceptions of the risks of using
nuclear energy in space. These studies have revealed complex patterns
of strengths and weaknesses, the details of which were used to fashion a
brochure that significantly increased understanding of existing systems
The studies also found that peopie who know more about the technolo-
gy like it better ~ except for people drawn from activist groups with
strong pro-technology or pro-environment orientations.®

The study reported here demonstrates a procedure for eliciting public
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Figure 2. Regimes of possible space
power applicability.
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opinions in a form that might be incorporated in the engineering design
process. Responses are presented from 87 individuals drawn from a
population of potential opinion leaders. Before describing the study, we
briefly describe the technology.

Nuclear energy sources for space use

Two technologies are currently available for space use of the thermal
energy liberated by nuclear processes. Radioisotope thermoelectric
generators (RTGs) utilize the heat released in the spontaneous decay of
radioisotopes, specifically plutonium-238. Nuclear reactors exploit the
controlled fission of heavy nuclei (such as uranium-233) in a sustained
neutron chain reaction. Of the two technelogies, RTGs are generally
used when power requirements are below 1 KWe. Figure 2 shows
applicability regimes (in terms of power level and duration of use) for
currently available sources.

Both nuclear technologies have been used in space by the USA and
the (former) USSR since the late 1960s. The USA has launched 25 space
systems that derived all or part of their power requirements from
nuclear energy sources. They were used for navigational, meteoyologic-
al and communication orbital applications, and also for lunar, Mars and
other planetary missions.” Except for one experimental nuclear reactor,
all were of the RTG type. The USSR used both types routinely for
various applications. At least 33 Soviet nuclear reactors have been
deployed in space, mostly for radar ocean reconnaissance missions.®
These launches have resulted in nine reported aerospace incidents
They include four launch failures, three uncontrolled re-entries from
orbit to the atmosphere, one in-orbit incident and one intended
re-entry.” Detectable, and sometimes considerable, amounts of radio-
activity were found in the upper atmosphere following some of these
accidents; a wide ground area was contaminated in one case '"
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In a recent report!! the Committee on Advanced Nuclear Systems
identified approximately 20 possible missions with power requirements
ranging from tens to hundreds of kilowatts [t recommended a focused
federal programme to develop the required space power technologies.
Nuclear energy was designated as the sole option for the proposed
manned mission to Mars'? as well as NASA’'s studies of comets and
asteroids (CRAF) and of the Saturnian System (Cassini) "

A risk-perception problem would add to the threats that these
programmes face from other political and budgetary pressures. Our
study is intended to clarify how the space community can address public
concerns, whether by better communication or by responsive design

Method

Procedure

Responses were collected with a mailed survey. It posed questions on
the following topics: (a) the acceptability of space missions for various
purposes, whatever their energy source; (b) the kinds of space accidents
that generate the greatest concern; (¢} the attractiveness of different
engineering design philosophies; (d) the faith placed in expert opinion;
and (e) the process desired for making decisions about space program-
mes. Further details of these questions are reported below. In order to
facilitate informed responses, brief descriptions were provided on many
topics regarding space flight and energy sources. These descriptions
weie based on earlier studies documenting the state of lay perception
regarding these technologies'™ and were refined in pretests. Special
attention was given to avolding any persuasive tone.

Respondents

The study was conducted with randomly selected members of the
Audubon Society of Western Pennsylvania, ASWP is a non-profit
conservation organization, conducting courses, workshops and festivals,
in addition to maintaining and operating private nature reserves. Its
goal is primarily educational - making the public aware of the import-
ance of ecologically sound stewardship of the land, and fostering
understanding and appreciation of the envirenment. In all, 87 question-
naires were completed. In other studies'™ we have found ASWP
members to have neutral attitudes towards the use of nuclear energy
sources in space, with more knowledgeable members being more
positive.

Demographic information was collected on: (a) gender (55% male);
{b) age (22% between 20 and 40, 32% between 40 and 60, 45% over
60); {¢) education (13% high school, 20% some college, 36% bachelor
degrees, 31% advanced degrees); (d) working status {(57% employed,
2% unemployed, 6% homemakers, 1% student, 34% retired); (e)
annual household income (23% between $10 000 and $30 000; 32%
between $30 000 and $50 000; 32% between $50 000 and $75 000; 9%
between $75 000 and $100 000; 4% over $100 000). Thus the partici-
pants in this study were well-educated laypeople, sufficiently involved in
environmental issues to join an organization focused on habitat pre-
servation. Alithough the sample is large enough to provide moderately
precise estimates of response by such people, additional sampling is
clearly needed before extrapolating to other populations
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Table 1. List of missions

Code®

M1
Mz
M3
M4
M5
ME
M7
M8

M8

M10
M11
M12
M13
M14
Mis

Mi6

Type®

MP
MP
MAD
MAQ
MACQ
SE
SE
SNX

SNX
SNV
SNV
SNV
Ul
Ul.
tUH

UK

Mission description

A US military communication sateltite for communicating directly to forces on the ground

A US military surveillance satellite that carries a large space radar for racking enemy ships. planes or missiles

A US military weapon satellite for destroying missiles in space (Star Wars)

A US mililary weapon salellite for destroying enemy satelliles

A US military weapon satellite for destroying targe!s on the ground with pinpoint accuracy .

A scientific sateliite that provides data for understanding globat climate change (greenhouse warming}

A scientific one-way spacecrafl lor studying the Sun, aiming 10 better undesstand its effacts on the Earth,

A telescope for doing advanced astroromy studies in space, aiming. among other things. 1o study how the uriverse was
created.

A scientific one-way spacecraf! for studying Jupiter. Saturn and other outer planels of the Solar System

A spacecraft lor carrying people and suppiies back and forth from the Earth o a scientific base on the Moon

A spacecraft lor carrying a US crew to Mars

A spacecralt for carrying an international crew to Mars (crew members from the USA, Burope, Japan. USSR and China)
A civiltan salellile for air traffic control that makes alr travel much safer over both fand and sea

A wealher sateliite that provides data for much more accurate weather forecasts.

A civilian communication salellite for iransterring felephone calls and radio and television programmes across very long
distances

A civilian navigation satelfite for improving the navigational accuracy of commercial aeroplanes and ships

“Codes are used for identifying missions in the text
Legend: M — military; P ~ passive; A - active; D — defence; G - offence; S - seientific; E — directly related to Earth; N ~ not directly related to Earth: V -
manned; X — unmanned; U ~ ulifity; L — low-orbit; H - high-orbi

Results

Mission acceptability

Respondents evaluated each of the 16 space missions listed in Table I as
being either (a) unacceptable under any circumstances, (b) unaccept-
able with nuclear energy sources, or (c) acceptable (even) with nuclear
energy sources. Two types of mission were typically judged unaccept-
able under any circumstances: manned missions to other planets (M10,
Mit and M12 ~ 46%, 58% and 51%, respectively) and active military
missions (M3, M4 and M5 ~ 45%, 52% and 43%, respectively). This
opposition to manned missions may prove quite significant when plans
are revealed for the ambitious US manned Space Exploration Initiative
Scientific missions that were not clearly related to improving life on
Earth (M7, M8 and M9) and defensive military missions (M1 and M2)
were judged unacceptable by 20-25% of respondents. Missions with
practical purposes (M13, Mi4 and M16) and with scientific goals having
clear applications (M6) were considered acceptable by at least 95% of
respondents. Communication missions (M15) were almost as accept-
able. Thus these people generally accepted space technologies having
obvious contributions to life on Earth.

Those respondents who had judged each mission as being acceptable
in principle were then asked whether their opinion would change if that
mission used nuclear energy sources. The least objection to nuclear
energy sources was observed among respondents who had accepted the
defensive military missions (M1 and M2} and the pure science missions
(M7, M8 and M9); only 20-25% would withdraw their support if nuclear
energy were used, The highest rates of conditional rejection were for
using nuclear energy sources in utilitarian missions (communications,
navigation, weather forecasting: 53%, 47% and 42%, respectively) and
a manned mission o the Moon (56%). Possibly, respondents believed
that these missions were already being accomplished with conventional
energy sources, muaking nuclear sources unnecessary. Overall there
were only two cases (out of the 16) in which a majority of respondents
rejected the use of nuclear energy for a mission that they considered
acceptable in principle.
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The rate of unconditional acceptance (with or without a nuclear
energy source) was highest for unmanned scientific missions (M6, M7,
M8 and M 9 - 67%, 61%, 59% and 59%, respectively} and lowest for
manned scientific missions (M10, M11 and M12 - 24%, 29% and 33%,
respectively) and active military missions (M4, M5 and M3 -29%, 35%
and 36%, respectively)

Concern over accidents
Respondents indicated their degree of concern for each of four major
classes of accident, using @ four-poin! scale, anchored at 1 = highest
concern and 4 = lowest concern. Overall they were much more
concerned about failure at launch {mean = 2.00) and uncontrolled
re-entry of a satellite from orbit (1.95) than about either a failure in
orbit (2 .87) or a flyby accident {3.16). Differences between these two
groups of accidents were highly significant statistically (p < 0.0001) and
not significant within them

The accuracy of these perceptions depends on how ‘risk’ is defined '°
Launch failure and uncontrolled re-entry seem to have the highest
probability of occurrence.'” However, the consequences of a flyby
accident could be so large as to make it the greatest ‘risk” in the sense of
‘probability X consequences per mission’ '® If one’s definition of risk
considers the number of missions in which each accident is possible,
then flyby accidents again drop down the list. Assuming that respon-
dents do consider total (and not per-trip) risk, then their concerns are in
the right order.

Preferences for design phitosophies

In the lengthiest segment of the questionnaire, respondents evaluated
competing philosophies for six aspects of engineering and mission
design. Table 2 presents the options that they considered, while Table 3
summarizes their responses. For each option set, their response prefer-
ences differed significantly {p < 0.001) from a uniform distribution.

Safety philosophy. Almost twice as many respondents preferred one of
the two containment policies as preferred one of the two burn-up
policies (50 6% v 27.5%, p < 0.025) Perhaps this reflects a preference
for the status quo — especially if it can be improved (through hardened
containment, the most popular single philosophy). Perhaps it reflects an
aversion to dispersing radioactive materials at high altitude {as required
by burn-up)

In this case, too, respondents generally fell in line with expert
opinion. The initial US policy was ‘burn up and disperse’. Over time,
though, it has shifted to total containment, under both normal and
abnormal circumstances — although the former policy still has its
advocates. In this case expert opinion may have followed public opinion
or perhaps the two were influenced by common sources (eg changes in
images of the environment). [t is not surprising that respondents
preferred hardening the present containment, especially since the costs
in reduced payloads were not made explicit.

Launch risks. Here, too, respondents favoured the design options
favoured by most of the engineering community: in-place containment
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Table 2. Engineering policy problems and suggested options.

Salely philosophy

A Present conlainment: The current design. based on containment of the nuclear tuel in case of re-eniry

B Hardened containment: A new design based on containment. including hardening of the encasement. resulting in less weight avaitable for scientific
instruments

C Sponlaneous burn-up: A new design. based or: a sponlaneous high-aititude burn-up in case of an unconirolied re-eniry

D Assisted burn-up: A new design. based on high-allitude burn-up. which is made more certain by incorporating a smai explosive device that will breazk the
SOUCE upon re-enlry

Risk during launch slage

A in-piace comainment: Have the nuclear fuel contained in a strong casing which can survive most launch accidents without being broken apar {current
policy}

B Fuei/ganeralor separation: Keap the nuciear fuel separate from the power ganerator during the time of launch Place the nuclear fuel in a very strong
conlainer which can survive any launch explosion. Once i is in space. place # in the energy generator

C. Fuslispacecrafl separation: Send the nuclear fusl and the energy generator inlo space separalely. Place the nuctear luel in a very slrong container
which ¢an survive any launch explosion and carry il into orbit on a small special launch vehicle thal is designed to be espechally reliable Once both ara in
space, place the fuei in the energy generalor

£}, FueliEarth separation: Manufaciure the nuclear fue! on the Moon (by mining radioactive material there) Place the nuclear fuel in a very strong container
which can survive a launch explosion and then use a small and especially reliable taunch vahicie 1o carry the fuel 10 rendezvous with the spaceceaft in
space, where the fuel is transferred to the nuciear energy generator

Quantity of fuel
A Single shol; Launch spacecraft installed with the ful! amount of nuclear fuel at a singte shotl {current policy)
8 Mulliple launches: Perform mulliple launches of smali amounts of auclear fuel al a time. and make the finai assembly in space

General type of Irajectory

A One-way’ and orbital trajectories: Use nuclear energy sources for space rasearch independently of 1the designed trajeciory. provided that appropriate
safely precautions are laken in the design

8. 'One-way' trajeclories only: Use nuclear energy sources only for deep-space missions. which would mean paying more for arbital missions (because
mare launches or more expensive designs would be needed)

Orbital irafectory aititude

A High and low orbilal aititude: Use nuclear energy sources for orbilal missions. independently of the intended attitude. provided that the best available
‘booster’ syslems are installed whan required

8 High orbital altitude only: Use nuclear energy sources for high-orbit missions only. resulting in paying more for missions that require the use of low-orbil
frajectories

Earth flyby trafectory

A A one-way' lrajectory with or without Earth flybys: Use nuclear energy sources for deep-space research independently of the designed frajectory.
provided that the best available measures are taken to prevenl an unconirollable re-entry during an Earth flyby

B No Earlh flyby trajectories: Use nuclear enaergy sources for deep-space missions only if there are no Earth tiybys. resulling in paying more for a stronger
faunching system and possibly delaying the gain of new knowledge

Table 3. Choices among engineering policy options.

Option Count Per cent Qption Count Per cent
Sataely philosophy Launch risk
Present containment g 104 in-place cortainment 19 218
Hardened containment 35 402 Fueligenesator separation 38 437
Spenlaneous burn-up " 126 Fuel/spacecrall separation 12 138
Assisted burr-up 13 149 Fuel/Earth separation 7 81
None is acceplable 8 g2 None is acceplable 5 57
All are equally acceptable 8 g2 Alt are equally acceplable 1 12
fon't know 3 35 Don't know 5 57
N = 87 N= B7
Fuel quantity Trajeclory lype
Single shot 50 58 8 ‘Cne-way ard orbital 35 412
Multiple launches 9 106 ‘One-way only 28 329
None is acceplable 12 141 None is acceptable 8 a4
All are equally acceplable 6 71 All are egually acceplable 6 71
Don't know 8 94 Don’t know 8 G4
N o= a5 N = 85
Orbital trajectory altitude Earth fiyby trajectory
High- and low-orbit 29 333 With or without Earth flyby 44 512
High-orbit oniy 33 3r g No Earth flyhys 30 349
None is acceplable 18 207 None is acceptable 7 81
All are equally acceptable 4 46 All are equally acceptabie 3 35
Don't know 3 35 Don't know 2 23
N = 87 N = 85

Options are described in Table 2
(encapsulation) and separation They showed relatively little interest in
the more exotic and more expensive options (fuel/spacecraft separation,
tuel/Earth separation), suggesting an openness to reasonable comprom-
ises
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Fuel quantity  Almost six times as many respondents preferred the
current policy of sending all the nuclear fuel with the spacecraft over a
proposal to divide it up over multiple launches. Perhaps they felt that
any increase in safety did not justify the great increase in cost Perhaps
they felt that multiple launches mean increased risk, focusing on the
probability of at least one accident, rather than on the amount of
radicactive material involved.

Trajectory type. About three-quarters of respondents approved the use
of nuclear energy sources for ‘one-way’ missions. Acceptance dropped
to 41.2% for orbital missions, consistent with the high level of concern
over accidents involving uncontrolled re-entry from orbit. This concern
suggests taking seriously expert proposals to ban orbiting reactors 1

Orbital trajectory altitude. The wide acceptance (71.2%) of high-orbit
trajectories seems consistent with US policy of making orbits high
enough to ensure that natural decay of the orbit matches natural decay
of the fuel source — so that re-entry occurs when the fuel is spent. The
USSR, however, has flown nuclear reactors in low-Earth orbits, requir-
ing a boost system to increase the altitude of the reactor (and hence its
orbital lifetime} once the mission is completed, in order to gain
sufficient time before the eventual re-entry. Consistent with the concern
over the continuing risk with orbiting nuclear sources, 21% of the
sample accepted neither of these strategies

Earth flyby trajectory. Flyby missions with nuclear energy sources were
accepted by about half of our sample and rejected by ene-third What is
a dazzling technical feat for some people may evoke images of dis-
astrous collisions for others.

Acceptability of experts

Respondents were asked about how much they agreed with those who
claimed that using nuclear energy sources in space was safe and
acceptable. On a scale anchored at | = completely agree and 7 =
completely disagree, the mean rating was 3.16 (s = 1,95), significantly
below the midpoint (p < 0.0601) — suggesting general agreement but a
large range of opinion.

Those respondents who had not responded with 1, indicating com-
plete agreement, were then asked to rate the extent to which each of
seven reasons influenced their scepticism. The scale was anchored at 1
= very much because of this reason and 7 = not at all because of this
reason. By far the strongest reasons for not agreeing with the experts
were doubting the experts’ ability to estimate (a) the probabilty of
failure (x = 3.02; 5 = (.27) and (b) the consequences of accidents (v =
278; s = {.26). They did not, however, doubt the experts’ general
scientific understanding of the issues (v = 521; 5 = 0.29) nor their
ability to assess the benefits of using nuclear sources (x = 6 00; s =
(0.20) The three other reasons were also deemed moderately weak
causes of their scepticism: doubting the experts’ assessment of costs (v =
4.53; s = 0.29), not trusting experts’ honesty (v = 4 32; 5 = 0.30) and
ethical issues (x = 4.63; s = 0.30). Thus respondents accepted the
experts’ general competence and honesty, but were sceptical about their
ability to estimate two particular quantities, which are, unfortunately,
the two components of risk: probability and consequences.
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Table 4. Preference for decision-makers.”

Empiloyed Independent Elected Environmental Public at Board of  Preference
scientists?  scientists® politicians  activistsd larga® laypeople' (%)
X X z2
X X 149
X 115
X 115
X X 103
X X 58
X X X 23
X X 23
X 23
X X 12
X x 12
X X X 12
X X X 12
X X X X X 12

X o}

Decision-malking authority

Respondents were asked to choose which of six groups of people should
be involved in setting policy for the use of nuclear energy sources in
space Table 4 shows the percentage of respondents choosing each
combination of groups. About one-third preferred the combination of
scientists from independent institutions {eg universities that do not have
funding from agencies that sponsor space missions) and environmental
activists, assisted by experts. Another 15% chose independent scientists
along with the public at large, while 12% preferred independent
scientists alone. Overall, about two-thirds (65 8%) included indepen-
dent scientists, white about one-third (34.7%) included scientists em-
ployed by the agencies. Very few respondents wanted scientists from
both sources (7.0%) or no scientists at ali (4 7%). Thus respondents
assigned a central role to experts, but disagreed about which experts
would serve them best.

Discussion

One way of responding to public opinion is by ignoring it, hoping that
one has the political muscle needed to overcome any resistance to one’s
plans. In today’s world this is becoming increasingly difficult, especially
for programmes that depend on the public’s goodwill for support.

A second response is to provide the public with information, hoping
that it will bring the sceptics around This has been NASAs strategy, as
expressed in the materials it distributes to citizens who raise questions 2
Although NASA’s materials might be better were they based on
scientific studies of lay perceptions,® this strategy has some potential
We have found that people like the present respondents can absorb a
good deal about these technologies. Moreover, the more that they
know, the more favourable they are - unless they have prejudged the
issue (either favourably or unfavourably)

However, information will not work when people do not trust the
experts or when that information reveals more clearly risks that peopie
consider unacceptable. The present study revealed some of each kind of
principled resistance . For example, respondents doubted experts” ability
1o estimate risk levels and saw little value in several kinds of mission
{rejecting some regurdless of their energy source)

A third response is to give people what they want, in the sense of
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technologies with acceptable risks. In some cases this will be impossible:
the mission is too imporiant to be foregone, but has an inherently
problematic design. In other cases, though, public concerns could be
incorporated in the charge to designers. With some ingenuity (and
perhaps some additional expenditure) a design could be created without
the objectionable features For example, the present respondents would
he much more satisfied (a) if some manned missions were done with
instruments and (b) if fiyby missions utilized planets other than Earth,
Baoth changes may be within our engineering capability. The costs of
such design changes would have to be weighed against the possible costs
of delay (and even mission cancellation) due to protests and litigation.

Before undertaking such efforts, however, one needs confidence that
the public’s concerns represent a stable target. It would be more than
frustrating to redesign a mission only to be told, ‘No, that’s not what we
really wanted.” One obvious step in this direction is to replicate studies
like the present one with other samples (also chosen from individuals
who might become opinion leaders) and different methods (eg going
into greater detail about proposed designs). The analysis of those
studies should pay particular attention to the reasonableness and the
coherence of responses. One does not want to meet demands that are
divorced from reality nor ones that are unrelated to one another. The
present study, like the others in our project, provides some reason for
optimism: Respondents were moderately well-informed on a topic far
from their everyday experience; they were able to absorb additional
information; they generally respected the experts, despite having some
localized scepticism; most accepted the use of nuclear energy sources on
many missiens; their objections showed a fairly consistent pattern.

Nonetheless, the present study is best viewed as a feasibility study,
demonstrating the possibility of eliciting — and satisfying — lay concerns.
Dealing with the public requires detailed empirical study, every bit as
much as other elements of mission design. The costs of erroneous
intuitions here can be very large. ™

Finally, it should be noted that dealing with an analytically derived
representation of public concerns (however carefully prepared) is not
the same as dealing with the public itself, Our respondents expressed
{Table 4) clear opinions regarding who should be at the table when
policy decisions are made. One possible way to address these desires,
without extravagant changes in the design process, is to create advisory
panels, including independent experts and lay leaders, along with
agency experts and managers These pancis could meet periodically for
briefings on the status of the programme and consultation on issues that
arise. Panel members could help derive the implications of general
public opinions, like those elicited here, for specific design decisions.
Doing so would not only help avoid unnecessary mistakes, but also
create a group of credible public advocates for decisions that are made.
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