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ABSTRACT. In a survey conducted in 1982-1983 on risk perception, judgment of the
acceptability of existing safety regulations, and activism among the general public and
opinion leaders for six technologies (Gould et al., 1988), little or no correlation was found
between perception, attitude, and activism. In a secondary analysis of these data, using
the log-linear approach, we found that (a) judgment of the acceptability of existing safety
regulations plays a pivotal role both in determining the perception of risk/benefit attributed
to a technology and in influencing the status and type of activism, and (b) the relationships
observed between variables held true both for the general public and for opinion leaders.
The implications of these findings are that (a) risk communication should entail not only
communication about risks but also communication about the resources that are available
to protect oneself against these risks and (b) the current view that experts form their opin-
ions and base their actions on different, more rational and quantitative premises than the
general public may need to be revised.

IN DEMOCRACIES SUCH AS THE UNITED STATES, technology risk-
management institutions, including those that regulate safety, are supposed to rep-
resent public sentiment about a technology’s benefit/risk trade offs. Members of
the public, on the other hand, are supposed to make an informed judgment on the
adequacy of risk management along with the existing safety regulations and,
when necessary, to act in a way that expresses their judgment. Furthermore, a
presupposed ideal condition is that the public has the right to information and that
the technology risk-management experts are effectively engaged in risk commu-
nication.
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In a 1982-1983 survey (Gould et al., 1988) on the views of both the general
public and opinion leaders (“intervenors” who had served as witnesses in public
hearings) on six technologies—nuclear power, nuclear weapons, industrial chem-
icals, auto travel, air travel, and handguns— two surprising results emerged. First,
in a comparison of perceptions of relative risks and benefits with the degree of
acceptability of existing safety regulations for each technology investigated, an
expected association between the assessment of a technology as having higher
benefits than risks and a high level of acceptability of existing regulations was not
found. Second, the degree of activism, either support for a technology because of
its benefits (called “pro-benefit” in that study) or advocacy of decreased deploy-
ment of the technology (called “pro-safety”), showed little or no correlation with
either risk/benefit perception or with safety acceptability.

The authors concluded that risk-management issues concering some of the
investigated technologies did not appear to be salient enough for the public to
form consistent sentiments and to take consequent actions. In an earlier study
(Gardner et al., 1982) focusing on nuclear power and surveying a purposive sam-
ple of scientists and college students, however, no such anomalies were found.
Their conclusion implies that current modes of risk communication in American
society are inappropriate or inadequate; the results also suggest that risk-
management authorities, technological experts, and concerned opinion leaders all
have a responsibility to communicate information so that the public may form
more consistent opinions.

Original Data Analysis

Because important societal implications arise from these survey findings, as-
certaining the empirical validity of the original data analysis was warranted. We
reexamined the data, using an alternative analytical and methodological ap-
proach, and found that the anomalies Gould and associates found did not exist.
Indeed, significant associations could be found between perceptions of risks and
benefits, attitudes toward the acceptability of existing safety standards, and degree
and type of activism. In this article, we present these findings in more detail,
demonstrate the particular advantages and strengths of the method used, and dis-
cuss fruitful directions for future research. First, we discuss some of the problems
connected with the methodological approach of Gould and his associates.

We gratefully acknowledge Jan A. J. Stolwijk of Yale University, who made the database
available, and Douglas Sloane of The Catholic University of America, who read an earlier
version of this article.
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Correlation/Regression Approach

Gould and his associates used a nonparametric version of correlation/regression
analysis, justifying their choice with the following arguments. First, the data were
mostly measured in nonequal interval scales and hence were treated with nonpara-
metric statistics. Second, the correlation/regression approach enabled the authors
to estimate net effects of independent variables, using a multivariate analysis, as
well as zero-order effects, using a bivariate analysis.

One problem with this approach, however, is that correlation/regression
analyses—whether parametric or nonparametric—are marginally dependent. The
associations they estimate are greatly affected by the underlying distributions (or
marginals) of the variables involved in those associations. When the variables
selected for analysis have little variance (as in the case of a skewed underlying
distribution), one can expect that covariations between the variables will be small,
and, hence, few, if any, correlations will be detected.

The two key dependent variables of the 1980s study—namely, degree of
acceptability of existing safety regulations, on the one hand, and degree of activ-
ism with the intent to change these regulations, on the other—are a case in point.
The levels of activism of subjects associated with several of the technologies were
generally low, especially concerning the sample of the general public. Conse-
quently, the measures of activism showed little variance. Similarly, the attitudes
toward safety regulations showed little variability among the general public, most
of whom desired standards more rigorous than those existing. Given these small-
variance measures as the dependent variables, one could expect that the results of
a multivariate analysis involving a large number of independent variables would
yield few significant associations.

The Augmented Sample

To augment the degree of variation, at least for the activism variable, Gould and
his associates chose to combine their two separately collected samples of opinion
leaders and the general public. They admitted that this was not a standard practice,
and therefore the validity of their findings might be open to question. The study
did, indeed, show that opinion leaders and the public at large differed on a wide
variety of important dimensions: their judgments on the acceptability of safety
standards, their perceptions of the risks and benefits relating to the technologies
investigated, and their degree of activism.

An alternative methodological approach based on log-linear statistics can
adjust and control for these differences and estimate net effects of the major inde-
pendent variables. The database reanalyzed in this study was obtained from one
of the authors of the original study (Gould et al., 1988).
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Categorical Measurements and Log-Linear Approach

In the 1980s study (Gould et al., 1988), activism was measured by any of the
following forms of participation: wrote a letter; signed or circulated a petition;
voted, attended, or spoke at a public hearing; boycotted a company; joined or
contributed to an organization; attended a demonstration; participated in a law-
suit; and other. In our re-analysis, we adopted the qualitative measurement scale
used by Gould and his associates and distinguished three different statuses of
activism: (a) nonactivism, (b) activism for further development of a technology
without added safety regulations (“pro-benefit” activism), and (c) activism in-
tended to decrease use or improve safety of a technology (“pro-safety” activism).

The measurement scale for “acceptability of existing safety regulations” was
regarded in our analysis as categorical. Respondents were classified according to
their answers to two questions for each technology: (a) “How strict do you think
the standards are NOW?”; (b) “How strict do you think the standards should be?”
The answer to each of these questions was classified on a scale ranging from not
very strict (1) to extremely strict (7). The respondents were then classified as ei-
ther “accepting” or “not accepting” of the existing safety standards; this classifi-
cation was based on the calculated arithmetic difference between the answers on
these two scales. If, for instance, the answer to the “should” question was not
greater than the answer to the “now” question, the respondents were classified in
the acceptable category. Otherwise, they were classified into the not acceptable
category.

To measure the perception of risks and benefits for each technology, we used
a composite version of the scores obtained by Gould and his associates. They had
demonstrated that the respondents’ perceptions of risks and benefits for a specific
technology depended both on quantitative assessments (e.g., number of deaths)
and on qualitative assessments (e.g., catastrophic potential). We therefore simply
compared the average of scores for all measured dimensions of risks and benefits.
If a respondent’s average score for a technology’s benefits was not higher than that
for risks, she or he was coded as “risk.” If, on the other hand, she or he had a
lower risk than benefit score average, then the respondent was coded as “benefit.”

For these three categorical variables—(a) activism (three categories), (b) ac-
ceptability of safety standards (two categories), and (c) perception of risks/ bene-
fits (two categories)—and maintaining the distinction between the general public
and the opinion leaders (two categories), we cross-classified the combined sam-
ples of respondents from two states (New Jersey and Arizona) ina3 X 2 X 2 X
2 contingency frequency table for each of the six technologies. These 6 four-way
contingency frequency tables served as the empirical bases on which 6 two-way
associations, 4 three-way associations, and 1 four-way association were investi-
gated for their statistical significance (using the stepwise “Hierarchical Log-
Linear” program of SPSS).
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To re-analyze the data, we opted for a log-linear approach for the following
reasons. First, the marginal distributions of all of the selected variables are consid-
ered as given, so that associations between variables can be investigated indepen-
dently of the underlying (skewed) distribution of any variables.

Second, no presupposed uniform model is needed for investigating the vari-
able effects across six different technologies. Each of the two-way and multiway
associations is tested for statistical significance in a hierarchical fashion, and a
parsimonious model is identified to describe those associations. For example, if
the public and opinion-leader respondents are similar in their perceptions of air
travel’s benefits and risks, the effect of those perceptions on activism can then be
estimated after collapsing the public and opinion leader samples together. For
other technologies, however, the situation may be different, and the perceptual
difference between these two groups must be maintained in the model. To identify
the preferred model—a reduced model retaining only the statistically significant
associations for each of the six technologies—was therefore the first task in the
following data analysis.

Third, a partial association between two variables may be expressed in terms
of a higher order association when a third-variable distribution is extremely
skewed. For instance, if activism is very low for a given technology, the associa-
tion between perception of the technology’s risks and benefits and attitude toward
the existing safety standards can be estimated only with the nonactivist sample.

Results
The Fitted Models

The statistical significance of associations in a multiway contingency table is
tested with the likelihood-ratio statistic (L?) which measures the discrepancies
between observed frequencies and expected frequencies by considering their ra-
tios, rather than their arithmetic differences as in the conventional Pearson’s chi-
squares. The preferred log-linear model is identified by retaining all the signifi-
cant associations, and its expected frequencies are again tested with likelihood-
ratio statistics against the observed frequencies for statistically significant dis-
crepancies.

The models chosen as preferred for the six technologies concerned are
shown in Table 1. For each, the four-way contingency table was investigated for
the statistical significance of 6 two-way associations, 4 three-way associations,
and 1 four-way association. Except for the associations for handguns, the associa-
tions in the four-way tables for all technologies were simplifiable to a less-than-
saturated model. As indicated by the L? statistics with the corresponding degrees
of freedom for the fitted models, the reduced models for all five technologies
(except handguns) would reproduce the four-way contingency tables with ex-
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TABLE 1
The Fitted Log-Linear Models for the Six Technologies

Technology Margins fitted daf L: p
Air travel SR, PR, SA, RA 12 1091 .54
Auto travel SR, PR, SA, RA 12 9.88 .63
Nuclear weapon SR, PR, SA, RA, PA 10 17.12 .07
Chemicals SR, PR, SA, RA, PA, SP, PRA

Nuclear power SR, PR, SA, RA, PA, SP, SPA 7 6.72 46
Handguns SPRA 0 0.00 1.00

Note. S = sample (public vs. intervenors); P = perception (more benefits vs. more risks); R = regula-
tion (acceptable vs. not acceptable); and A = activist status (pro-safety, pro-benefit, and no action).

For handguns, SPRA, all two-way, three-way, and four-way associations were statistically significant.

pected frequencies that were not significantly different from the observed fre-
quencies.

Air travel and auto travel fit well with four of the six possible two-way associ-
ations. The perceptions of risks/benefits were not significantly different for the
samples of the opinion leaders (“intervenors”; the term is consistent with usage
in the original study by Gould and his associates) and by the general public; and
the perceptions of risks/benefits were not significantly associated with status of
activism. Rather, it was the perception of risks/ benefits that affected attitude of
acceptability of the technology safety standards; and the latter, acceptability, in
turn affected the activism status. Regarding the rest of the technologies, the per-
ceptions of risks/benefits as well as attitudes regarding acceptability of safety
standards were directly related to the status of activism. The commonality under-
lying the fitted models for all six technologies, however, was the significance of
two-way associations of Sample X Activism, Sample X Regulations, Perception
X Regulations, and Regulations X Activism (following the symbolism in Table
1: S = sample of intervenors and the public, P = perception of risks/benefits,
R = attitudes toward safety regulations, and A = activism status). For all six
technologies, therefore, the intervenors and public were significantly different in
activism status and in attitudes regarding the acceptability of safety standards.
And, although perceptions of risks/benefits may or may not directly affect the
activism status, judgment of the acceptability of regulations always does.

Given that one’s attitude regarding acceptability of safety standards was con-
sistently associated directly with activism status, and acceptability was consis-
tently affected directly by risks/benefits perceptions for all of the technologies,
the effect of perception on activism could have been direct or indirect depending
on particular technologies. A path model (Figure 1), in which the solid-line arrow
represents a consistent direct effect and a broken-line arrow indicates an effect
contingent on types of technologies, is helpful for summarizing the interrelation-
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FIGURE 1. A general path model for the interrelationships between perception
of risk, judgment on regulation, and action toward six technologies.
—= direct and consistent effect. --— = not always direct and consistent effect.

ships of the four variables: sample (intervenors vs. the public), perception (greater
risks vs. benefits), regulation (not acceptable vs. acceptable), and activism (pro-
safety, pro-benefits, and nonactivist). In short, the intervenors were consistently
different from the public in attitudes toward regulation and in likelihood of assum-
ing an activist status, especially the pro-benefits stance. Attitudes toward regula-
tions consistently and coherently influenced the activist status. However, the inter-
venors’ perceptions of risks/benefits were not always different from those of the
public, depending on the specific technologies; and the risks/benefits perception,
though consistently related to attitudes toward regulations, did not always directly
induce actions in one way or another.

The preceding discussion provides an overview of the fitted models for the
six technologies that we investigated. We now turn to the detailed patterns of
variable associations concerning each of the technologies, beginning with the
simplest fitted models (air travel and auto travel) and moving to the most complex
(handguns). With the level of activism as the dependent variable, the trichotomous
activist status was expressed in terms of two odds: the odds of pro-safety activism
to nonaction, and the odds of pro-benefit activism to nonaction. Whenever there
were significant two-way associations, we used these two odds to compute odds
ratios across categories of the second variable. Whenever there was a significant
three-way association, the odds ratios computed in association with the second
variable were displayed for different categories of the third variable. When the
four-way association for a four-way table was significant, we tabulated the odds
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ratios of two-way associations for each of the categories of the third and fourth
variables, considered jointly.

Air travel. The expected frequencies (see Table 2) were from the preferred model.
They did not differ significantly, in a statistical sense, from the observed frequen-
cies. Estimating patterns of variable associations on the basis of expected frequen-
cies was done to eliminate the statistical “noise” from the pattern of those associa-
tions. The model fitted for air travel specified that sample was significantly
associated with regulation; intervenors were less likely than the general public to
find existing regulations unacceptable. In addition, perception was significantly
associated with regulation; those perceiving more risk would logically find ex-
isting regulations less acceptable. Thus, there were extremely few in either the
intervenors or the public sample who reported engaging in pro-safety (or further
increasing safety design or features) activism. Pro-benefit activism, on the other
hand, was not particularly high for air travel, relative to other technologies. How-
ever, the nonzero cells under pro-benefit activism enabled us to describe the pat-
terns: Intervenors were about twice as likely as the public to engage in pro-benefit
activism (an odds ratio, .101/.052 = 1.94). Moreover, those who judged the ex-
isting safety standards to be unacceptable were more likely to be activists by a
factor of 1.5 (.058/.038 = 1.53). Because activism, in this case, is pro-benefit,
activists in air-travel-technology issues appeared to take the stand, at the same
time, that imposing additional air-travel-technology safety requirements would be
too expensive. We could not determine whether this was a statistical aberrant out-
come resulting from an extremely small number of activists, in this case, or if it
represented the actual logic of these activists.

Auto travel. The level of activism regarding auto travel appeared to be substan-
tially higher than the level for air travel (compare the odds for auto travel with
those for air travel, see Table 2). Relative to nonaction, the odds of pro-safety
activism were .19 for the public and .35 for the intervenors, whereas the odds of
pro-benefit activism were .06 for the public and .08 for the intervenors. Taking
ratios of these odds, we found that the intervenors were almost twice (.347/.188 =
1.85) as likely as the public to involve themselves in pro-safety activism, and
roughly 1.5 times (.083/.057 = 1.46) as likely to be involved in pro-benefit activ-
ism. For both the intervenors and the public, those who assessed the existing regu-
lations as unacceptable were twice (.216/.103 = 2.10) as likely as those who
found the regulations acceptable to take action for safety. The reverse was also
true: Those who found the safety standards inadequate were less likely to be ac-
tive on behalf of the benefits of the technology by a factor of .25 (.033/.131 =
.25).

Nuclear weapons. Levels of activism concerning nuclear weapons were substan-
tial even among the general public. The levels were different for intervenors and
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the public; for those who judged regulations as acceptable and those who did not;
and for those who perceived more benefits than risks accrued, compared with
those who felt otherwise. Intervenors were about twice as active as the general
public in both pro-safety (.342/.152 = 2.25) and pro-benefit (.318/.163 = 1.95)
actions. Those who judged the existing safety standards unacceptable were 6
times (.030/.006 = 6.25) more likely than those who judged them acceptable to
take pro-safety actions; and those who perceived more risks than benefits in nu-
clear weapons were 10 times (.235/.030 = 10.37) more likely than those who
perceived otherwise to take pro-safety actions.

Industrial chemicals. Intervenors, or those who had ever served as witnesses at a
public hearing, were clearly more likely than the public to have taken actions in
the issue of industrial chemicals: 7 times (1.256/.171 = 7.35) more likely in pro-
safety activism and 28 times (.595/.021 = 28.33) more likely in pro-benefit activ-
ism. No one from the intervenor sample or from those in the general public who
had taken any actions responded that he or she perceived more risks in industrial
chemicals and found the safety standards acceptable at the same time. Thus, the
relative levels of activism between different attitudes toward the existing regula-
tions can be compared only among those who perceived more benefits in indus-
trial chemicals. This is exactly what the three-way association (Perception X Reg-
ulation X Activism) specifies. Among those who perceived more benefits than
risks, pro-safety activism was about twice (.112/.058 = 1.93) as high for those
finding current regulations unacceptable as for those finding them acceptable. The
reverse was true for pro-benefit activism; the odds ratio was approximately .4
(.0317.072 = 43).

Nuclear power. For both the intervenors and the general public, activism was af-
fected by the assessment of existing safety standards regarding nuclear power.
Those who found the standards unacceptable were 4 times (.300/.069 = 4.36)
more likely than those who found them acceptable to take pro-safety actions. The
reverse was true for pro-benefit activism (.062/.227 = .27). Because there was no
one in the intervenor sample who perceived more risks in nuclear power and took
pro-benefit actions at the same time, we must further specify by sample group the
relative activism by perception of benefit/risk interaction. This requirement gives
rise to the three-way interaction of Sample X Perception X Activism. For the
general public, those who perceived more risks than benefits were twice (.641/
.300 = 2.14) as likely as those who perceived more benefits than risks to take
pro-safety actions. The reverse again was true for pro-benefit activism (.047/
.062 = .76). For the intervenors, those who perceived more risks in nuclear power
were 26 times (21.500/.811 = 26.32) more likely than those who perceived more
benefits to take pro-safety actions. However, no similar comparison can be made
for pro-benefit activism, as there was no one among the intervenors who perceived
more risks and took pro-benefit actions at the same time.
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Handguns. The fact that the four-way table for handguns was not reducible to a
simpler model suggested that perceptions, sentiments, and activism were the most
diverse and controversial among the general public and the intervenors on this
issue. For the public, pro-safety activism was almost equally likely for those who
judged the existing standards unacceptable and those who judged them accept-
able—an odds ratio of about 1.0 (.136/.147 = .93; .271/.261 = 1.04). This likeli-
hood of pro-safety activism by the public was true for the entire range of percep-
tions of the risks and benefits of handguns. For intervenors, on the other hand, the
perception of the risk/benefit ratio made a clear difference. Those who perceived
more risks than benefits and who judged the existing regulations unacceptable
were nearly three times (.632/.231 = 2.74) as likely as those who judged them
acceptable to take pro-safety actions. Intervenors who perceived more benefits
and judged the regulations unacceptable were, by comparison, less likely to act
for safety than those who judged the regulations acceptable (.158/.409 = .39).
On pro-benefit activism, generally those who regarded the existing regulations
unacceptable were less likely to act for benefits. However, this contrast seemed
most distinct among intervenors who perceived more risks than benefits in hand-
guns—an odds ratio of .03 (.018/.692 = .03).

Summary and Future Research

In terms of the relative likelihoods of taking pro-safety or pro-benefit actions, as
measured by the odds and odds ratios calculated in the present analysis, inter-
venors were significantly higher than the general public for all six technologies
investigated. Intervenors were also less likely than the public to find the existing
regulations of these technologies unacceptable. For both the public and the inter-
venors, the assessment of the acceptability of existing regulations did make a sig-
nificant difference in whether they assumed an activist status. The perception of
a technology’s benefits and risks directly affected the assessment of the accept-
ability of existing safety standards, and thus these perceptions affected activism,
at least indirectly.

Except for handguns, in which the public’s and intervenors’ perceptions, ac-
ceptability assessment, and activism status were most diverse, the patterns of vari-
able associations of the other five technologies investigated were not difficult to
discern. For industrial chemicals and nuclear power, where a significant three-
way variable association was found, the third variable specification was necessary
simply because there were null cells in the four-way contingency table (e.g., per-
ceiving more risks than benefits in a technology while taking pro-benefit action
at the same time); this situation made comparisons of relative likelihoods invalid.

The issue of little or no consistent attitude—behavior correspondence, often
reported in social psychological research, can be both a conceptual and a method-
ological anomaly. Conceptually, one might suspect whether the selected attitudi-
nal variables derived from a theoretical framework are relevant determinants of
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people’s behavior “in real life.” Methodologically, there could be endless debate
on, for example, how to measure behavior (by respondents’ self-reported actions
or by actual behavior objectively observed) or how specific or comprehensive
action items should be included in measuring a behavior under study? Regarding
comprehensiveness in selecting action items, as Weigel and Newman (1976) elo-
quently and convincingly demonstrated, when a behavioral measure is broad in its
scope—the statistical variation of the measure is thus enlarged—the correlational
measure of attitude-behavior correspondence can usually be vastly increased.

More relevant to this research is an earlier study by the same group of authors
(Gardner et al., 1982) that served as a springboard to their expanded study project,
reported in Gould’s (1988) book. In that earlier study, the authors focused on nu-
clear power only, and they used a nonrandom sample with an overrepresentation
of highly educated, expert subjects. Unlike a representative sample of the general
public, this particular sample generated sufficient variation in each of the mea-
sured variables (perceptions of risks and benefits, attitudes toward safety regula-
tions, and actions taken regarding safety of nuclear power). Because the authors
used correlational analyses, their results were far less ambiguous than those in
their later study (which was extended to six technologies and used an expanded
random sample of intervenors and the general population). Their conclusion, then,
was succinct:

Among the most important are its judged acceptability (both in terms of desired re-
strictions and standards and desired level of deployment). . . . Action is directly in-
fluenced, but to a lesser extent by the perceived risks and benefits of nuclear power
and perhaps also by qualitative risk and benefit characteristics and fatality estimates;
these variables are primary determinants of judged acceptability and they thus have
an additional, indirect influence on action. (Gardner et al., 1982, p. 196)

This conclusion regarding perceptions, attitudes, and actions concerning nuclear
power is remarkably consistent with the path model in Figure 1, which summa-
rizes our findings with respect to all six technologies in the present re-analysis.
The strategy of investigating relative likelihoods (odds and odds-ratios in the log-
linear model analysis, in this case) rather than using variance—covariance analyses
proves to be fruitful when the initial variation in some of the variable measures is
quite small.

Attitudes of acceptability of safety standards is clearly the most direct deter-
minant of activism in influencing technological risk management; the next re-
search issue should focus on the acceptability of safety standards as a dependent
variable. Gould and his associates (1988) considered the general attitude favoring
regulations stricter than the existing standards for most of the six technologies an
anomaly. Such attitudes, however, could hardly be differentiated consistently by
sociodemographic or general attitudinal variables, including political persuasions,
liberal or conservative.
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Nevertheless, we suspect that assessing the acceptability of safety standards
(also a small-variance variable in the survey data used) and the associations of
this variable with other variables may have been overlooked when the researchers
used analytical techniques such as correlation—regression statistics. A re-analysis
with a log-linear approach can be easily carried out to verify the previously re-
ported results of Gould and his associates. Nonetheless, more than simple meth-
odology seems to be involved in conceptualizing people’s attitudes toward a tech-
nology’s safety regulations and in conceptualizing the interrelationships of
attitudes with perceptions of the technology’s benefits and risks and with conse-
quent actions.

Two important results emerged from the data, as re-analyzed in the present
research: (a) The concemn for safety regulations was a stronger determinant of
action and type of action than risk perception was, and (b) the intervenors were
more likely than the general population to consider current safety regulations ac-
ceptable (regardless of technology), and to express pro-technology attitudes and
to act and agitate toward these goals.

Recent research on risk communication has shown that concern for adequate
safety regulations indicates a wish (and need) for control of risks involved in the
use of technologies. Control has been recognized as a health-promoting and
healthy-maintaining force for nonenvironmental health risks (Appels & Steptoe,
1989; Fitzpatrick, Neuman, Lamb, & Shipley, 1990; Lefcourt & Davidson-Katz,
1991; Ormel & Schaufeli, 1991; Siegrist & Matschvinger, 1989; Syme, 1991).
Control has also been discussed in the literature on stress (Antonovsky, 1985;
Averill, 1973; Lazarus & Folkman, 1984; Monat, Averill, & Lazarus, 1972; To-
mas & Stallen, 1981). In contrast, the need to “feel safe” with respect to risks
associated with technology use has only recently begun to command more atten-
tion (Karger, Schuetz, & Wiedemann, 1992; Kennedy, Probart, & Dorman, 1991;
Ruff, 1993; Schuetz & Toennis, 1991). However, the need to feel safe is still rarely
considered as the decisive factor influencing risk perception and risk-related be-
havior (see Hazard, 1993). We suggest that there is a need for control, which, for
collectively controlled risks, expresses itself in safety regulations. For individu-
ally controlled risks, the possibility of adopting health protective behavior com-
municates a sense of control (Hazard).

The need for control exists equally for both intervenors and the public at
large. Those who hypothesize that experts use quantitative and objective criteria
to define the extent of risk and that the lay public uses qualitative and subjective
criteria seem to miss an important point. An alternative hypothesis, suggested by
our data, may be that the frequently observed discrepancy between the experts’
and the public’s view is due, to a large extent, to the different locations and cogni-
tive distance of each party from safety measures. For collectively controlled risks,
politically and scientifically active experts are more knowledgeable about the
safety regulations and also may be directly involved in their implementation and
monitoring (e.g., for nuclear power, nuclear weapons, and industrial chemicals).
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The public is less knowledgeable and more distant (see Evers & Nowotny, 1987,
an analysis of Kaufmann, 1973). Conversely, for risks involving safety regulations
that ultimately must be carried out by the public, the experts may feel less in
control than the public does, (e.g., auto travel, handguns).

The direction of causal relationships originally assumed by Gould et al.
(1988) is possibly the reverse (note that those directional arrows appearing in
Figure 1 may be oversimplifications; feedback effects between variables are con-
ceivable). The estimation of degree of control via safety regulations may affect
the perception of the amount of risk at hand. Thus, the original view that the
amount of risk is determined solely by the calculation of the amount of benefits
must be revised to include the calculation of the amount of protection from risks.
This calculation may indeed be the more important determinant of risk perception
(Mazur, 1987). According to our analysis, the experts considered the collectively
controlled risks to be better controlled than the public considered them to be, and
the experts also considered the technology less risky than the public did. The
opposite held true for those technologies (auto travel and handguns) with which
the public plays a more immediate role in guaranteeing safety. For these two tech-
nologies, the experts had a higher risk perception than the public did.

The consideration of safety regulations is not the only determinant of the
decision to act or the direction of action. Additional preconditions are (a) knowl-
edge of possibilities and feasibility of action (for air travel, there was a logic of
Jjudging safety standards inadequate, but increasing demands for safety were too
expensive) and (b) the self-estimation that one is competent and capable of acting
(self-competency, also often called self-efficacy). Therefore, the model must be
supplemented and expanded in future research.

The implications of these findings for risk communication are that just being
informed about risks is not adequate; one must also be informed about resources
for protecting oneself against these risks. In addition, a sense of self-competency
must be communicated; such communication is possible only when individuals
are permitted to participate in the decision-making process. These aspects of risk-
communication research are just beginning to be considered more systematically.
Our data confirm that more work should be done in this direction.
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