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ATTITUDES TO NUCLEAR

1

WASTE

Lennart Sjöberg and Britt-Marie Drottz-Sjöberg
ABSTRACT
This is a study of risk perception and attitudes with regard to nuclear waste. Two data
sets are reported. In the first set, data were obtained from a survey of the general
population, using an extensive questionnaire. The second set constituted a follow-up
7 years later, with a limited number of questions. The data showed that people
considered the topic of nuclear waste risks to be very important and that they were
not convinced that the technological problems had been solved. Experts associated
with government agencies were moderately trusted, while those employed by the
nuclear industry were much distrusted by some respondents, and very much trusted
by others. Moral obligations to future generations were stressed. A large portion
(more than 50 percent) of the variance in risk perception could be explained by
attitude to nuclear power, general risk sensitivity and trust in expertise. Most
background variables, except gender, had little influence on risk perception and
attitudes. The follow-up study showed that the attitude to nuclear power had become
more positive over time, but that people still doubted that the problems of nuclear
waste disposal had been solved.

1 Introduction
Nuclear power plays a prominent role in discussions of risk in modern society. Arguments in favor
of nuclear power often stress its efficiency and the clean production of energy during periods of
normal operation. Antagonists of nuclear power often emphasize the risk of radioactive
contamination due to accidents or in the process of handling and storing waste products.
The risks associated with accidents in power plants and with radiation are highly salient
to many people (Hohenhemser & Renn,-1989; van der Pligt, Eiser & Spears, 1986). A relatively
recent example is the Chernobyl accident in 1986, which caused a strong increase in worry over
nuclear power risks in many parts of the world (Drottz-Sjöberg & Sjöberg, 1991; Eiser, et al.,
1990; Renn, 1990; Sjöberg & Drottz, 1987).
Contemporary with the debate about nuclear power plant accidents, and their possible
consequences, the storage of nuclear waste products has emerged as another highly salient
concern. Utilities and governmental agencies are currently involved in developing plans and
measures for the safe handling and disposal of radioactive wastes (Carleson, 1985; Gelin, 1985;
Moberg, 1990). They are also involved in debates with public interest groups, including legal
disputes, when it comes to the testing and implementation of such plans (Krauskopf, 1990;
Lidskog & Elander, 1991). .
According to Rankin and Nealey (1978) and Nealey, Melber and Rankin (1983) there was
an increase of public concern in the USA about nuck:ar waste disposal issues starting in the mid
1970's. Kasperson et al. (Kasperson, Berk, Pijawka, Sharaf & Wood, 1980) emphasized the public
concern over problems of radioactive wastes, and Bord (1987) further documented the fear and

'. This is a translated and revised version of a an account of the major study reported here in Swedish
in 1988 (Sjöberg & Drottz, 1988). That report contains some material not included here. The follow-up data
are reported here for the first time. The study was supported by a grant from the Swedish Board for Spent
Nuclear Fuel. Nils Rydell and Sven-Ove Hansson gave valuable comments on the questionnaire. We also
wish to thank all the respondents.
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distrust of the general public as to radioactive waste disposal, cf. Lindell, Earle, Herbert and Perry
(1978), Morell and Magorian (1982), Payne (1984), and Rankin and Nealey (1981).
Thus, two related issues are involved in the nuclear power energy debate. First, there is
the question of the merits and the risks of producing energy by utilizing nuclear energy. Second,
there is the issue of the proper handling and storage of radioactive wastes already produced.
A great number of studies have examined public opinions and their development over
time regarding attitudes and opinions to nuclear power. Some of these studies have included
aspects related to radioactive waste, but there has generally been less research focusing on
attitudes and perceptions of waste risks than on other aspects of nuclear power.
In a previous study we investigated adolescents' attitudes to nuclear power and nuclear
waste (Drottz-Sjöberg, et al., 1991). High school students rated their attitude to nuclear power
and to various risks: nuclear and non-nuclear, personal and societal. They also rated risks related
to the handling and disposal of radioactive waste. It was found that personal risks were rated as
lower than risks to society, and accident risks related to the handling and disposal of radioactive
waste were rated as higher than most other risks. The risk of personal injury due to exposure to
radioactive wastes was rated as the highest of a set of 11 risks. In general, risk items which made
reference to radiation were rated higher than items which did not mention this aspect.
2

High school students specializing in economics or technology were the least concerned
about nuclear power risks and had the most positive attitudes to nuclear power. Female students
most often rated the risks higher than male students did, in agreement with a very common trend
for women to be more negative to nuclear power than men are (Brody, 1984).
The purpose of the present study was to describe the risk attitudes and concerns of the
general population with reference to nuclear waste. The main data set, Study 1, was collected in
1987 and a follow-up of a limited set of the 1987 questions, Study 2, reported here, was carried
out in the end of 1992 and beginning of 1993. The 1987 data set was analyzed and reported in
Swedish in an earlier report (Sjöberg & Drottz, 1988). We will frequently refer to that report for
details which are not included here. In a forthcoming report we give an account of an extensive
questionnaire on nuclear waste distributed in 1992-93.

2 Study 1
2.1 Sample, procedure and response rate
The study employed a random sample of the population in the ages 18-65 years, consisting of
1223 persons and drawn from a central data base.
An initial mailing of the questionnaire reached the subjects in February, 1987. An
accompanying letter presented the study and its purpose and the letter also included a brochure
describing the National Board for Spent Nuclear Fuel, the sponsoring agency. Two weeks later
the first reminder was sent to those who hade not yet answered. It was printed on a postcard and

2

. These students were 18-19 years old and had chosen one of five lines of specialization.
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very brief. After another two weeks a second reminder was mailed to those who had not answered
by then. On this occasion we included a response sheet where the respondent could indicate his
or her reasons for not participating in the study. A final reminder was mailed after another week,
also including a sheet for stating the reason why the respondent did not wish to reply to the full
questionnaire.
We obtained full questionnaire responses from 590 persons (48 per cent). Another 359
(29 per cent) responded by returning the sheet giving one or several reasons why they refrained
from responding to the full questionnaire. Thus, a total of 77 per cent of the sample responded.
3

The respondents consisted of 53 per cent men, 47 per cent women, mean age 41.0 years.
Fifty-six per cent had children and 19 per cent had grandchildren. Twenty-five per cent had
graduated from college or had at least started college education. (According to the most recent
data 19 per cent of the Swedish population has at least some college education).
Hence, there was a slight over-representation of male respondents and a moderate
over-representation of college educated persons among the respondents. The respondents came
from all parts of the country, and they judged the nearest nuclear power plant to be quite near
(average 60 km), although 21 per cent refrained from trying to judge that issue.
The brief response sheet gave us some information about the drop-outs from the study.
Comparing the two types of drop-outs (total non-response or only response stating reasons for
not responding to the full questionnaire) we found that they did not differ significantly with regard
to home region and income, but that those who did not reply at all more often consisted of older
and single men.
The most common reason given for refraining from participation was "I know too little
about the topic" (49 per cent of those who used the brief response sheet chose that response
alternative). Women were more likely than men to check this alternative, and the same was true
of the alternative "The questionnaire contained too difficult questions". Rather many (26 per cent)
checked the alternative "I do not, in principle, reply to questionnaires". Lack of interest in the
topic was rather seldom chosen (14 per cent), and so were the alternatives "Too many questions"
(9 per cent) and "I don't have time to answer" (11 per cent).

2.2

Questionnaire

The questionnaire contained 71 questions with fixed response alternatives. There were also a few
questions which asked for open numerical estimates or a free verbal answer. The questionnaire
was concluded with a page containing background questions.
The questionnaire opened up with a few general questions about domestic nuclear power,
its future and how important the respondent considered that the question about the nuclear waste
disposal was. The respondent was then asked to judge the risks in general connected with the
handling and storage of radioactive waste, and to check his or her preferred alternative for waste
storage.

3

. In the following, the term respondents will be used for those who responded to the full questionnaire,
unless otherwise stated.
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Nuclear power attitude was measured on a bipolar 7-point scale from -3= "Absolutely
negative", through 0="Neither negative nor positive", to +3="Absolutely positive".
The importance of the current nuclear power and nuclear waste issues was measured on
7-point bipolar scales (-3 to +3) with anchoring categories given as "very important" and "very
unimportant". The midpoint of the respective scales was labeled "neither important nor
unimportant".
The questionnaire also covered questions about potential threats to society, including the
threats from pollution and nuclear power, as well as the AIDS disease, violent crime and drug
abuse. The threats were measured on 6-point scales ranging from 0="No threat at all" to 5="Very
large threat".
One question asked the respondents to express their current level of knowledge of the
domestic handling and disposal of nuclear waste. Six response categories were available, ranging
from 1="I know almost everything about these issues" to 6="I know nothing about these issues".
The subjects were asked to what degree they had confidence in experts with respect to
handling and disposal of radioactive waste. The six response categories ranged from 1 ="To a very
high degree" to 6="Not at all".
Eight items were rated with respect to personal risk. The list included five non-radiation
related adverse events, e.g. to have a serious traffic accident, to be assaulted, to drown, etc., and
three items which included some reference to radiation, e.g. to be injured by natural background
radiation, by radiation from a leaking waste deposit and by radiation from an accident in the
handling of radioactive waste. All items were measured on 6-point scales ranging from 0=
"Non-existent" to 5 = "Very large" risk.
The subjects furthermore used an 11-point scale to indicate the risk to humans which they
perceived to be associated with disposal of spent fuel rods in bedrock. The scale ranged from 0
= "No risk at all" to 10 = "Very large risk".
There were further questions asking the respondents to assess, for low, medium and high
level waste, the length of time during which the different kinds of waste would be dangerous to
human beings, and at which level of depth in rock they should be deposited. They could give any
number or answer in open ended response formats. Low level waste was exemplified as
maintenance material, medium level waste as for example demolished material, and high level
waste as used fuel rods.
They were also asked if they considered the issues related to disposal of radioactive waste
satisfactorily solved at the present time. They responded on a 7-point scale -3 to +3 with the
anchoring categories of "No, absolutely not" and "Yes, absolutely".
Another eleven ratings focused on radioactive waste and concerned the risk of serious
accidents in relation to its handling and disposal. For example, the subjects rated the risks during
transportation of waste on land and water, due to debilitation of container material, changes in
bedrock, sabotage and theft. All 11 items used the same 6-point rating scales as presented above
for the personal risk ratings.
Another list of 13 items asked the subjects to estimate the likelihood that some stated
events would happen within 200 years. The response scale ranged from 0= "Non-existent" to 5=
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"Very large". An example is the statement that radioactive waste will be retrieved by mistake,
another that the ground-water will be contaminated. Ten of these items explicitly mentioned an
adverse event including radiation.
The questionnaire listed nine positively or negatively framed statements related to risk,
morality, nuclear waste and its disposal. The subjects responded by indicating their agreement or
disagreement on bipolar 7-point scales -3= "Do not agree at all", through 0= "Uncertain", to +3 =
"Agree completely". One item stated, for example, that the benefit of nuclear power is much
larger than the risks of radioactive waste, another that it is not right to leave unsolved problems
to future generations.
The subjects were asked to judge the appropriate time horizon they felt should be used
by the Parliament the next time they were to decide about (a) energy policy, and (b) the handling
of nuclear waste. One question asked them to judge to what extent present politicians had taken
into consideration the freedom of future generations to decide about nuclear power and waste.
The subjects then judged their confidence in the competence of four types of experts:
those employed by state authorities, by universities in Sweden, by the nuclear power industry and
those who had publicly denounced nuclear power.
Four questions concerned the ability of the population to influence policy when it came
to energy, the handling of nuclear wastes, taxes, and education.
The final questions in the questionnaire asked for judgements of definitions of risk,
whether the subject usually defined risk as mainly probability, mainly consequence, a combination
of the two or whether they felt that the meaning of risk wholly depended on the nature of the
risk.
On the last page, of the questionnaire background data were asked for, including gender,
age, education, civil status, profession, number of children and grandchildren, type of area in
which he or she lived, and the approximate distance to the nearest nuclear power plant.

2.3 Study 1: Results
The results will be reported according to the following plan. We begin by giving background data
for those who responded to the questionnaire. Then, we will describe results for all respondents
and make some recourse to individual differences. We finish with some regression analyses as
well as a few ANCOVA's where risk attitudes are modelled.
We will treat the questions largely in the same order as they were presented in the
questionnaire.

2.3.1 Respondents
Of those who responded 52.6 per cent were men, 47.4 per cent women. Married or living in a
permanent relationship were 74.2 per cent. The age of the respondents varied between 18 and
66 years, on the average 41.0 years, SD 13.5 years.

5

Sjöberg & Drottz-Sjöberg: Attitudes to nuclear waste

Gross income in 1985 varied between 0 and 645000 SEK, median 66000 SEK. (These data
were provided by official files, not by the respondents themselves).
The number of children is provided in Table 1. 19.3 per cent stated that they had
grandchildren.
Table 1. Number of children living at home.
Number of children

Percent of respondents

0

43.8

1

19.1

2

28.6

3

6.9

4

1.2

5

0.6

6

0.6

Educational level is reported in Table 2. As can be seen, the number who had college
education was rather large. The respondents were not quite representative of the population in
this respect. This is consonant with the fact that many of those who did not reply to the whole
questionnaire stated that it contained too many difficult questions (see further below).
Table 2. Educational level of the respondents.
Percent of respondents

Education
Grammar school

16.4

Comprehensive school

6.4

Vocational school

8.3

Junior high school

4.2

High school (2 years)

12.6

High school (3 years, not technology)

5.5

High school (3 or 4 years, technology)

7.1

College education current

5.5

College degree

19.7

Others

14.2

• •

When it comes to residence the respondents were distributed over the entire country, see
Table 3 for their distribution according to size of the community of residence. The distribution
geographically is in rough correspondence with the population data.
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Table 3. Type of living area of respondents.
Type of area

Percent of respondents

Purely rural area

18.9

Village

26.5

City

36.6

Large city

18.0

The respondents stated, on the average, that distance to the nearest nuclear power plant
was 60 km (median). 21.4 per cent stated that they did not know the distance. The stated distance
was surprisingly small.
There were of course many professions represented. We have grouped them into six
categories, given here together with the number of respondents in each category, see Table 4:
Table 4. Distribution of respondents across types of professions.
Number of res pondents

Profession
Technical professions

90

Care and health

31

Economic professions

39

Farmers

12

Office work

66

Service

20

Note that this categorization only covered about half of the sample, but we still considered
it to be adequate for the present purposes.

2.3.2 Attitude to nuclear power
The first questions in the questionnaire concerned nuclear power in general. The first question
of all asked about the general attitude to nuclear power which was to be judged on a scale from
-3 to +3. The negative sign corresponds to a negative attitude. The results show that the
respondents had a rather negative attitude to nuclear power, see Fig.l . The most common
response alternative chosen was the most negative one (22.5 per cent). Forty-seven per cent were
negative to some extent while 38 per cent chose one of the three positive alternatives. 9.8 per
cent were strongly positive. Compared to early studies from roughly the same time (the fall of
1986), but somewhat earlier and therefore closer in time to the Chernobyl accident, (DrottzSjöberg & Sjöberg, 1990; Sjöberg, et al., 1987) those who participated in the present study were
less negative to nuclear power.

7
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There was a strong difference between men and women. The mean value for men was
0.25 and for women - 0.93, p < 0.0005 . The women were in other words more negatively oriented
to nuclear power, a result which is in correspondence with other research (Brody, 1984). People
who had a lower education were also somewhat more negative to nuclear power than those with
a higher education but the difference was not significant. Persons with a higher income were more
positive to nuclear power, r=0.19.
4

There was a significant difference (one-way ANOVA) among occupations, p<0.05, which
showed that the most negative attitude was to be found among those who worked in agriculture.
It is interesting to see that technologists and economists according to the categorization used here
were not among the most positive ones when it came to nuclear power, a finding in conflict with
data on adolescents with different orientations of interests (Drottz-Sjöberg, et al., 1991).
The next question was concerned with whether Swedish nuclear power should be
dismantled and in that case when. There was much variation among responses here. The most
common response (23.1 per cent) was that nuclear power should be retained in its present extent
but a total of 33.5 per cent checked that nuclear power should be dismantled quickly, in a few
years or in ten years. Expansion of nuclear power was supported by 6.3 per cent. The decision
actually made by the parliament at the time of the study - to dismantle nuclear power at the latest
by the year 2010 - was preferred by 21.4 per cent.

\ Where nothing else is said the differences between two groups have been tested by means of a t-test.
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It is natural to code this question in a numerical manner. We assigned the first response
alternative the number 1 and the last the number 6 and tested gender differences in responses .
The mean for men was 3.36 and for women 4.22, a highly significant difference . Women were
in other words more likely to be willing to dismantle nuclear power quickly which is just to be
expected considering their more negative relationship to nuclear power.
5

6

No significant effect of education was found but there was a tendency in the direction that
those who had a lower education wanted to dismantle nuclear power earlier. People who had
higher income were likely to desire to retain or even to expand nuclear power.

2.3.3 Attitude to nuclear waste
Following the two introductory questions about attitude to nuclear power in general, the
questionnaire included a number of questions which had to do with the specific aspect of
radioactive waste. We asked the respondents to indicate how important they considered the
question of radioactive waste to be. The responses here showed that not less 84.6 per cent

<D
CT
(0

*->
c
d>

V

!_
0)

2.J

_°i2_
umtmnumuji
-3= Very un i m p o r t a n t - 2

Q|2

mmmmn

-1

0= N e i t h e r / n o r

»2 -»3= Very

important

Importance of the waste issue

Fig. 2. The distribution of responses to a question about the importance of the nuclear waste
storage issue.

5

. In the present and subsequent analyses the two alternatives "don't know" and "none of the response
alternatives is suitable" have been coded as missing data.
6

. In order not to include too many numbers in the text we have chosen to call a statistically significant
differences with a p-value less than 0.01 highly significant.
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considered the question to be very important. Only 14 out of 585 (about 2 per cent) respondents
chose any of the alternatives which indicated that the question was unimportant, see Fig.2.
There was a very small sex-difference. Both men and women considered the question to
be important but women did so to a somewhat higher extent, p< 0.05. There was no difference
depending r educational level.
In the next question we brought up the general risk in relation to radioactive waste. Here
8 per cent abstained from giving a risk evaluation. The most common answer was that risks were
considered to be very large (31.6 per cent) while the response that risks were none existing or
very small was chosen by 6.8 per cent. It is thus a rather clear picture of worry over risks with
nuclear power which comes through in these data.
This question has been coded in a numerical manner assigning the number 1 to the first
alternative (large risks) and 6 to the last alternative (none-existent risks). The mean value for men
was 2.61 and for women it was 1.92, a highly significant difference in the direction that women
judged the risks as larger than men did.
There was also a highly significant educational effect. Those who had a lower education
were more risk averse (m=2.14) and those who had a higher education were less averse, m =2.48.
This finding can be related to the result reported above that those with a higher education were
more likely to be favorable to nuclear power. Those who had grand-children were clearly more
worried about nuclear waste risks, m=1.93, than others, m =2.39.

2.3.4 Risks of nuclear waste
We included in the questionnaire also a question used earlier by Svenson and Karlsson (1989) to
get a certain comparability with their results. What is most of all distinctive with this question, as
compared to others used by us, is the large number of response categories, not less than eleven.
Interestingly enough the distribution of the responses here had a tendency to be bimodal. A
considerable group chose the extreme alternative 10 while others chose a considerably smaller
risk judgement in the interval 2-5. It is possible that the question is well designed to elicit extreme
responses from the most decidedly negative persons while others are not likely to choose such an
extreme alternative as the 11th response alternative. It has frequently been argued that there is
an optimum number of response categories between 5 and 10 (Cox, 1980) and the present results
support that notion.
For men the mean judgement elicited by this question was 4.29 and for women it was 5.71,
a highly significant difference showing once more that women judged the nuclear risks to be larger
than men did.
In the questionnaire we also included the task to judge specific aspects of risks of nuclear
power. The proportion that chose one of the two extreme alternatives is given in Table 5.
Extremely small risks have been marked as either zero or one.
The "human factor" was judged as the most important source of risk, closely followed by
war risk and surface transportation risk. The war risk was judged in a very varying manner with
rather large shares of the respondents who gave either a very small or a very high judgement.
Surface transportation and sea transportation were seen as relatively risky. Bedrock depositories
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were seen as the least risky activity when it came to radioactive waste. The correlations among
the 10 risk aspects were positive throughout, see Table 10 in Sjöberg et al. (1988).
Table 5. Risk judgments concerning treatment and transportation of radioactive waste.

Risk of accident:

Mean

Percent
checking
"non-existing" or

Percent
checking "very
large" risk

muât

"very small" risk
- when loading and unloading

3.26

- during transpc -tation at sea

3.40

- during land transportation

3.59

- in bedrock repository

2.59

- due to debilitation of container
material

11.2

18.9

9.0

23.4

6.0

27.3

30.4

11.7

3.26

15.1

23.2

- due to changes in bedrock

3.12

16.9

22.7

- due to "the human factor"

3.71

6.1

33.6

- due to sabotage

3.32

11.6

24.3

- due to theft

2.78

23.4

16.5

- due to war

3.60

11.5

35.6

- due to unforeseen events

3.37

12.8

27.9

We formed an index called A V F R l of the mean of the judgements of the 11 scales in this
question. For men the mean of this index was 2.98 and for women it was 3.61. The difference was
highly significant. Once more women judged risks as worse than men did. The same tendency was
present for each of the separate questions included in the index. There was no significant effect
of education but a tendency for those with a lower education to judge higher risks.
Closely related to the question of risk aspects was another question listing a number of
events which could b e related to nuclear waste risks. T h e means and the proportions who chose
extreme response alternatives are given in Table 6.
The largest risks were apparently seen as related to water pollution and lowered safety
requirements due to decreased economic resources. People were least likely to believe in a new
ice-age within the next 200 years and in accidents involving radioactive waste being retrieved by
mistake. T h e correlations among the 13 risk aspects of this question were high and positive
throughout, see Table 12 in Sjöberg et al. (1988).
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Table 6. Risk judgments concerning future hypothetical events of possible relevance to the
risks of radioactive waste.
Mean

Percent
checking 0 or 1

Percent
checking 5

People who live close to a repository for radioactive waste are
injured by radiation

2.85

24.3

17.7

Ground water is polluted by radioactive substances

3.35

13.8

25.5

Container material for radioactive
waste is destroyed

3.13

15.6

19.6

The oceans are polluted by radioactive substances from repositories

3.28

14.6

25.3

The atmosphere is polluted by
radioactive substances from repositories

2.98

20.8

20.1

Large costs for waste deposits
make the security requirements
lower

3.28

15.9

25.6

Severe earthquakes hit Sweden
causing radioactivity to leak from
a repository

2.41

30.4

11.0

Radioactive waste is retrieved
from a repository by mistake

2.04

40.8

8.1

Radioactivity from a repository is
deposited in different types of
food

2.51

30.2

10.5

Negative and unforeseen events
occur

3.09

16.6

17.7

Living animals get high doses of
radiation due to leakage from
radioactive wastes

2.94

21.0

18.4

The local environment and nature
surrounding repositories is destroyed by radioactive waste

2.97

21.7

19.6

A new ice-age occurs and it brings
about the destruction of nuclear
waste repositories

1.68

51.9

7.4

Event:

The 13 questions about future risks were used to form the an index called FUTRI which
is the mean evaluation of the 13 questions. The means of this index were 2.43 for men and for
women 3.26, a highly significant difference in the same direction as earlier. Highly significant
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gender differences were also present for each one of the questions entering the index. Here we
also found throughout significant differences with a few exceptions showing that those who had
a lower education judged risks as larger. In the index those who had lower education had a mean
judgement of 2.95 and those with a higher education 2.69, p<0.05. There was throughout a
relationship between income and risk judgement in the order of 0.2. Those who had a higher
income tended to judge risks connected with nuclear wastes and nuclear waste depositories as
lower. There was a weak but consistent (and unexpected) tendency for people without a family
to judge risks as larger for the thirteen future risks of nuclear waste.
There was another list in the questionnaire which is treated in this context. It partly
contained risk-questions. The statements and the means and people who chose extreme response
alternatives are given in Table 7.
Negative means denote that people on the average rejected a statement and positive
means denote acceptance. It is interesting to note that
- confidence in contemporary technological solutions was rather low
- risk judgements were not quite at the level that nuclear power was completely rejected
- worry over the human factor as a risk source was pronounced
- people had the opinion that there are moral responsibilities for our generation towards future
generations when it comes to questions having to do with the deposition of nuclear wastes
The correlations among the nine sub-questions are given in Table 8. In this table there
are also given squared multiple correlations between each question and the other ones. The
correlations are lower than what was found for other lists in this questionnaire, except for
sub-question number 7. It could be added that the two questions concerning moral aspects (2 and
4) also were somewhat distinguished from the others.

The 9 statements can be grouped in two groups. In one group statements 1, 3, 6 and 8
were included. These are statements which express optimism about technology and confidence
in nuclear power. In the other group statements number 2, 4, 5, 7 and 9 were included. These
statements contain partly moral reservations in the face of nuclear waste questions and partly
judgements of risk. If Table 8 is structured according to this grouping of the statements, it is clear
that with one exception that there are positive correlations, often high, within groups and
negative, often low, correlations between them. The exception is statement number 7.
The finding of a groupinr "ke this can partly depend on content aspects, partly on the fact
that all statements in one grou
re positive to nuclear power and that they are negative to
nuclear power in the other grou;
For regression analysis we have formed two simple indices. OPMORAL is the mean of
statements 2 and 4, and OPOPT is the mean of statements 1 and 3. These indices measure in a
relatively straightforward manner the moral aspect and optimism when it comes to the solution
of nuclear power problems. Other risks aspects, and the utility of nuclear power, are represented
in other parts of the questionnaire and therefore less interesting for the continued analysis here.
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Table 7. Judgments of statements concerning the risks of radioactive waste.
Percent
checking -3

Percent
checking +3

Statement

Mean

l.The technology needed for nuclear waste deposits is available
today

-0.68

25.0

2.1

2.1t is not right to hand over unsolved waste problems to future
generations

2.03

3.6

63.9

3. The experts will find safe ways
to deposit radioactive wastes with
the help of modern technology,
that will never be a problem

-0.49

23.6

5.9

4. It is the duty of our generation,
as producers of nuclear waste, to
find the final solution of how to
deposit it definitely

2.43

1.6

70.2

5. The radioactive waste from
nuclear power plants is so dangerous that we cannot permit ourselves the take the risks involved
in producing it

0.70

9.3

33.8

6. The utility of nuclear power is
much larger than the risks of radioactive waste

-0.38

28.5

12.1

7. It is the duty of our generation
to solve the problem of final deposition of nuclear waste so that
our descendants within 100 or 200
years shall be able to enter a
repository if they find better solutions than our generation was able
to do

1.92

3.3

52.7

8. The decisions about nuclear
power made during the 20th century can easily be re-evaluated by
coming generations if they wish to
do so

1.00

13.4

36.3

9. "The human factor" implies that
there is always a risk of mistakes,
which will have very serious consequences for waste deposits

1.76

1.4

49.0
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Table 8. Intercorrelations among the statements of Table 8.
Statement no.

1

1

1.00

2

-0.17

1.00

3

0.71

-0.25

1.00

4

-0.22

0.41

-0.29

1.00

5

-0.56

0.32

-0.62

0.35

1.00

6

0.59

-0.22

0.63

-0.26

-0.64

1.00

7

0.06

0.10

0.10

0.12

-0.02

0.06

1.00

8

0.26

-0.07

0.29

-0.09

-0.20

0.30

0.25

1.00

9

-0.44

0.32

-0.47

0.23

0.50

-0.43

0.06

-0.02

1.00

Squared Multiple Correlation

0.56

0.24

0.61

0.25

0.55

0.54

0.09

0.18

0.36

2

3

4

5

6

7

8

9

The responses to the 9 questions in this section have been grouped to an index called
OPININD after some of the items have been reversed to make larger values of OPININD
indicate more confidence in present technology and less worry about nuclear repositories and
nuclear power. The mean value for men was 2.04 and for women it was 1.39, completely in line
with earlier results and highly significant. There was no difference between sexes in question
number 7, which roughly everybody seemed to agree to, while the other eight statements gave rise
to very clear gender differences, most often highly significant.
People who had no family were more skeptical to current solutions of waste repository
problems but showed in a couple of the questions that they had less involvement in future
generations than those who lived together with others or were married, which seems natural, with
the result that there was no significant difference between those who had no family and those who
did when it came to the index OPININD. Persons with a higher income expressed less skeptical
attitudes to nuclear power also in this respect.

2.3.5 Physical risks: Risky time period and suitable depths of a repository
for nuclear waste
One of the questions concerned how long a time the respondent thought that there would be a
risk from nuclear waste so that it could be dangerous to human beings. The respondents were
asked to indicate the number of years they thought such a risk to be prevalent for low active,
middle level and high level nuclear waste. The task was preceded by a short introduction to the
classification of types of nuclear waste.
This is a type of question which differs in an interesting manner from the more usual
questions concerning risks of a waste repository. The latter concern what can be called the
managed risk, i.e. the net risk resulting from a physical danger and the efforts made by society to
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protect people from it. Here we inquire into the perception of physical risk, i.e. the risks inherent
in nuclear waste itself.
The resulting numerical answers up to and including 100.000 years were used as given in
data analysis while numerical answers beyond 100.000 years and qualitative answers were
collected in a separate category and manually coded. The response distributions were strongly
positively skewed and contained a few extremely high values so the computation of arithmetic
means would be misleading. Instead we give medians and geometric means in Table 9. The results
show among other things that the experienced risk for injury to human beings from low level
nuclear waste in more than half of the cases was considered to be in the time interval 0-50 years
(median = 10 years). Concerning medium level nuclear waste about 50 per cent of the responses
were found in the time-interval 0-100 years (median = 95 years) while the time-interval 0-500
years for risk for injury from high level waste included 40 per cent of the answers (median = 200
years).
Table 9. Medians, geometric means and quartile deviations for jijdgments of time and
depth.
Type of waste
Low level

Med ium level

High level

Time:
Median

10

95

200

Geometric mean

24.2

73.2

221.4

Quartile deviation

45

228

450

Median

50

100

400

Geometric mean

64.1

114.1

217.9

450

855

Depth:

Quartile deviation

225

The subsequent open question was divided in a corresponding manner for the three
different types of waste. The judgements that we asked the respondents to make concerned how
deep in bedrock they felt that the respective types of radioactive waste should be deposited. Table
9 gives a survey of the answers.
The results show that a little more than half of the respondents felt that low level waste
should be deposited at the depth of less than 500 meters (median = 50 meters) but 50 per cent
of the respondents gave the suitable depth of repository for medium level waste in the interval
0-500 meters (median = 100 meters). Concerning high level waste about 50 per cent of the
answers were instead found in the interval 0-1000 meter (median = 400 meters).
Comparing responses to the time and depth questions it is found that there seems to have
been larger difficulties for the respondents to make judgements of suitable depth of a repository
for radioactive waste than to rate the risk over time. This statement is based on the fact that the
per centage that did not at all answer the questions was about 13 per cent for time judgements
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and about 22 per cent for judgements of depth. Also, the proportion of don't know-answers was
somewhat higher for the judgements of depth than for judgements of time.
The variation of numerical answers was extremely large. The logarithms were computed
of the numerical values for further analysis.
We found a tendency for women to judge nuclear waste as dangerous during a longer time
and also that they considered it desirable to deposit waste at a larger depth but the differences
between genders were small and not statistically significant, quite a contrast with the findings
concerning administered risk. There was a highly significant effect, indicating that those with a
lower education judged it as desirable with a larger depth for a repository.
The expected response pattern for the judgement of time and depth was that they would
be rank-ordered according to level of waste activity, i.e. a larger depth for more dangerous waste
and a longer time for more dangerous waste . Analyzing those who answered to all three
sub-questions for time and depth we find that such reasonable rank-orders was given by 69 per
cent of the respondents for time and 53 per cent for depth. For time there were reversed rank
orders in 3 per cent of the cases, i.e. more active waste was considered to be dangerous for a
shorter time (we found a similar result in our previous study of adolescents in a small minority
of the cases). The rest of the deviant respondents answered partly in an inconsistent manner
without giving a complete reversal of the whole rank order. Seventy-six per cent of the men gave
completely consistent rank orders as compared to 60 per cent of the women. For depth the
corresponding figures were 58 per cent and 47 per cent.
7

The respondents were asked how they felt that nuclear waste should be deposited. Rather
a large share, about 26 per cent, abstained from answering this question while a very large group,
54.2 per cent of all respondents, chose the first mentioned alternative, i.e. to deposit the waste
at a large depth in bedrock. Shooting out waste in space was chosen by 6.6 per cent of the
respondents. A Chi-square test of this variable as related to background data showed only a
gender difference. Women were somewhat more likely to accept the first alternative than were
men and less likely to desire a waste deposit close to surface or to shoot it out into space.

2.3.6 Knowledge about waste
In the questionnaire there were a few questions which concerned knowledge about waste
problems. The first of these questions asked the subjects to rate their own knowledge. It was
found that remarkably few abstained from answering the question which could indicate that a
good portion of the none-response to other questions depended on the respondents feeling that
they could not answer. (In connection with this particular question they did have the chance to
explicitly say that they did not have sufficient knowledge.)
VIost respondents felt that they knew rather little (38.7 per cent) or very little (30.3 per
cent; ;.oout nuclear waste. Quite a few (8.7 per cent) said that they knew nothing about the issue.
The question has been treated in a quantitative manner by assigning the number 1 to first
alternative (=know almost everything about the issue) and 6 to the last (=know almost nothing
7

. One could possibly argue that high level waste would be more easily monitored with a repository
closer to the surface.
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about the issue). Women gave the average response of 4.62 and men 4.02, a highly significant
difference. In other words, women had the opinion that they did not know so much about these
questions as men did. The same picture emerged in the analysis of those who did not respond to
the full questionnaire but who reported why they did not want to do so (see above, p.3).
There was a rather considerable difference between educational groups regarding this
question. Those who had a lower education rated themselves as less knowledgeable than those
who had a higher education.
There were also a number of questions concerning how the respondents viewed the
knowledge that experts had. Confidence to a very high degree was expressed by 62.2 per cent of
the respondents who judged the experts to know quite much or very much about these questions.
The answers "rather little" and smaller degree of knowledge attracted 33 per cent of the
respondents, a rather high figure pointing to considerable skepticism among some respondents.
The next question concerned how confident the respondents believed that Swedish experts were
about their knowledge when it came to nuclear waste questions. Here the positive answers
attracted 54.1 per cent, i.e. somewhat less than the corresponding figure for the previous question.
The skeptical answers were quite numerous: 39.7 per cent. Apparently people believed that
experts themselves have certain doubts, perhaps to a larger extent than what could be considered
justified on the basis of the trust that many people did show in their knowledge.
In the questionnaire the respondents were also asked to judge how large confidence they
had for different experts in questions of nuclear waste.
The results can be visualized in Table 10, giving the proportion of respondents answering
in an extreme manner, i.e. no confidence at all or a very high degree of confidence for each type
of expert. The table also gives mean values.
Table 10. per centage of the respondents who chose extreme alternatives for the rating of
confidence in each type of expert, and mean confidence ratings.
Type of expert affiliation:

Percent who
. , ,
lacked
,
confidence
c

- employed by state authorities
- employed by Swedish
universities
- employed by nuclear industry
- experts who have publically
denounced nuclear power

„
, , ,
Percent who had a
.
,
large confidence
4

c

. ,
Mean

b

10.9

2.5

2.35

4.4

8.2

3.08

11.0

10.1

2.82

5.5

11.8

3.06

Several comments are called for. It is rather surprising that experts employed by state
authorities got such low judgements of confidence. The proportion of skeptical respondents was,
however, not larger for those experts than for experts in industry but they did not enjoy having
the support of a proportion a very convinced supporters which was true of experts in industry.
Experts in industry seem to give rise to the most polarized judgements. The fact that experts
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working in universities had such a high degree of confidence was expected but not such a large
confidence in dissident experts.
Another question of relevance in this context asked whether the subjects felt that
questions concerning radioactive waste today have been answered in a satisfactory manner.
Not less than 73.4 per cent said that they did not feel that questions today were solved
in a satisfactory manner. Almost half the group chose the most extremely negative alternative,
49.7 per cent.
In these questions there were throughout highly significant gender differences showing that
women were more skeptical to all experts with the exception of experts who have publically
rejected nuclear power where they gave a significantly higher level of confidence than men. The
same was true regardless of gender of those who had own children compared to those who did
not have children. When it came to the question about the present approach to solving the
storage problem, there was a highly significant difference. The mean value for men was -1.33
while for women it was -2.05. Hence, women indicated a lower degree of confidence in
satisfactory solutions of nuclear waste questions.
A study of the educational level here gave the result that those who had a lower level of
education showed less confidence in experts, especially for those who are employed by state
authorities and universities. People who had a higher income more often considered that nuclear
waste questions were solved in a satisfactory manner.

2.3.7 Threats to the Swedish society and personal

risks

In this section we asked for judgements of a number of possible threats to the Swedish society.
In Table 11 we give the percentage of people who denied each of the threats by judging it as
none-existent and how many considered each threat to be very large. It is interesting to note that
environmental pollution was judged to be such an exceptionally large threat even if nuclear power
also came very high, almost at the level of AIDS. It is also worth noticing that few threats were
denied, with the exception of foreign submarines which seemed to worry the respondents least.
The correlations among the seven threat questions are given in Table 21 in Sjöberg et al. (1988).
They were positive throughout and often rather high. The threats from nuclear war and from
nuclear power correlated rather highly, in fact somewhat higher than the correlation between
threats from general environmental pollution and the threats from nuclear power.
In all cases women rated the threats as significantly higher than men did. The index
HOTTND which is based on an average of the threat judgements gave the mean of 3.52 for
women and 3.04 for men.
Those who had a lower education throughout rated the threats as larger, in most cases
statistically significantly so. The threat index gave clear differences between groups. The means
for those who had a lower education was 3.37 and for those with a higher education it was 3.11.
The subjects were asked to judge eight risks for their own person. The mean judgements
and the proportions choosing the extreme answers of a non-existent risk or a very large risk are
given in table 12.
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Table 11. per centage of the respondents who judged each threat to society as non-existent
or very large, and mean judgment.
Threat

Percent who
checked
"non-existent"

Percent who
checked "very
large"

Mean
judgment of
threat

Environmental destruction

0.7

50.4

4.27

AIDS

1.4

27.4

3.67

Foreign sub-marines

7.8

11.1

2.55

Nuclear war

4.6

18.8

3.03

Abuse of alcohol and narcotics

4.8

9.9

2.93

Violent crime

2.5

10.6

3.08

Nuclear power

2.1

24.8

3.18

Table 12. per centage of the respondents who judged each risk to their own person as
non-existent or very large, and mean judgment.
Personal risk

Percent who
checked
"non-existent"

Percent who
checked "very
large"

Mean
judgment of
risk

9.4

3.3

1.42

24.7

1.0

1.02

- to be assaulted

4.2

10.5

2.09

- to have a serious accident on way to
or from work or school

2.1

29.5

2.80

- to be injured at work or school

10.0

10.2

1.94

- to be injured by natural background
radiation

13.9

10.3

1.77

- to be injured by radiation due leakage to from a place where radioactive
waste is kept

8.8

25.7

2.34

- to be injured by radiation due to an
accident in handling radioactive waste

6.7

35.1

2.63

- to drown
- to be struck by lightning

The most interesting result here is that the risks in connection with nuclear waste were
judged to be so large, almost on the level of traffic risks. This result should however be
interpreted in a cautious manner since it is unclear if the formulations were interpreted as
absolute or contingent risks. Did the respondents interpret those questions as a risk to be injured
by ionizing radiation given that an accident had happened or did they judge the risk that an
accident happens and a damage follows? The latter risk is of course lower than the former but
it was probably difficult for many people to make these distinctions completely clear since in
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many other parts of the questionnaire nuclear waste risks had been judged as considerable. We
are however inclined to draw the general conclusion that waste risks are seen as large regardless
of the reasoning behind the answer.
When it comes to sex-differences the picture here is complex. We have formed two indices
ALLMRI and STRALRI on the bases of questions 1-5, respectively 6-8. A gender difference highly significant - was clear only when it came to STRALRI where the men had a mean value
of 1.91 and women 2.61. (There were sex-differences in all six sub-questions contained in this
index.) In addition it can be noted that men gave a significantly higher evaluation of the risk to
be damaged in their place of work than the women did.
There were highly significant differences between educational groups in both indices. For
ALLMRI the mean was 1.98 for those who had a lower education and 1.77 for those with a
higher one. The corresponding figures for STRALRI were 2.41 and 2.12. The differences were
particularly clear for the judgement of radiation risk. As to income it was true that the higher
income people had, the less they judged the value of STRALRI, while there was no relationship
between income and more general risk variables.
The respondents judged current threats to society and nuclear power as highest, then
future waste risks and lowest were the risks for their own person. The variation between the
largest and the smallest risks was 1.25 steps of the scale.

2.3.8 Responsibility and political decision making in regarding wastes
The following questions were answered by the respondents in their own words. The questions
concerned who they thought were most responsible for the future of Swedish nuclear power.
The first question was: "Who in-your opinion are most responsible ibr the future of
Swedish nuclear power? Respond with your own words."
The second questions was: "In your opinion, what time period should the decision cover,
the next time the parliament makes a decision about Swedish nuclear power"?
In table 23 in Sjöberg et al. (1988) there is a review of the results. Each person could give
as many answers as he or she wanted. The number of answers per person varied between 1 and
4, disregarding 10 per cent of the respondents who did not answer the question at all.
"The government" was the most frequent answer to the question who was most the
responsible for the future of Swedish nuclear power. If the answers which involved government,
the parliament and the combination of government and parliament are combined to one category
the result show that 40 per cent of the respondents in at least one of their answers indicated that
category. Other frequent answers were found in the categories politicians (22 per cent), and
Swedes (19 per cent). About 16 per cent of the respondents mentioned experts in at least one
of their answers. The answers which were coded as odd answers can be found in appendix 3, table
3:5 (Sjöberg, et al., 1988).
One section in the questionnaire tried to investigate the time perspective people saw as
adequate when it comes to how long in the future a parliament decision should be effective. We
were partly interested in how long in the future people felt that the next parliament decision
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about Swedish energy policy should be effective and also how long in the future the next
parliament decision about treatment of nuclear waste should be effective. The respondents were
asked to indicate the number of years for each question that reflected their own opinion. Our
intention was to use the former question, the one about Swedish energy policies, as a basis for
comparing with the latter question, in order to study how people evaluated the particular time
perspective prevalent for the treatment of nuclear waste.
The response types in categories are represented in table 24 in Sjöberg et al. (1988).
There were no limitations of the number of answers that people could give. All odd answers are
given in appendix 3 in Sjöberg et al. (1988).
The distributions of all responses to this question were as expected quite skew, in both
cases with a maximum value of 500 years. When it comes to energy policies the medium value
was 20 years with a quartile deviation of 7.5 years. The corresponding figures for the treatment
of nuclear waste were 10 and 10.5 years.
The results show that the majority of the respondents felt that the time perspective for
the decisions was within 25 years. In the time perspective of 10 years there were however more
persons who were in favor of a short time for the decision of the treatment of used nuclear fuel
compared to Swedish energy policies in general. On the other side there were almost 13 per cent
of the replies in the category 51-500 years when it came to time for deciding on the treatment of
spent Swedish nuclear fuel as compared to six per cent concerning the same time period in
Swedish energy policies. Finally, 5 per cent of the respondents gave qualitative answers to
question to the question of Swedish energy policies, compared to almost 11 per cent of the
respondents who gave very large numbers of qualitative answers to the question of time
perspective for a decision of the treatment of used nuclear fuel. For details see appendix 3
(Sjöberg, et al., 1988).
The results show that the respondents answered the questions from at least two different
points of view: first, for how long a time should parliament reasonably -plan or survey a decision
which has been made with regard to each question and, second, for how long a time should those
decisions have consequences in the future? The different interpretations of each question
becomes clear from the odd answers.
When it comes to energy policies there was no important gender difference in the
answers. When, on the other hand, it came to treatment of spent nuclear fuel women gave a
much lower time-rating: 27.5 years on the average as compared to 43.4 for the men, a highly
significant difference. It is possible that women considered that our knowledge was insufficient
for us to make decisions relevant for a longer time period.
An important problem is connected with the attitude of youth. We therefore included a
question concerning to what extent contemporary politicians have taken into consideration the
freedom of future generations to make decisions regarding nuclear power and nuclear waste
disposal.
It was striking that many people chose one of the negative alternatives. The alternatives
"to a rather small extent" to "not at all" were chosen by not less than 52 per cent of all
respondents. The two positive alternatives only attracted 11.3 per cent.
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In this respect there was a highly significant sex difference. Women responded less often
than men that there had been consideration of future generations; the same was true of younger
persons as compared to older.
Four questions concerned the possibilities of the Swedish people to have an influence on
the policies of the country in various respects. Energy policy was of course in the center of
interest but in order to get some comparative perspectives we also included taxation and
education. A review of the responses to these questions are given in table 13.
Interestingly enough energy policy seems to be the type of political context where the
respondents had the opinion that the Swedish people had the largest possibility to exert some
influence. This in turn can depend upon historical experience . The questions about waste
disposal were judged in a different way but still not as negative as taxation.
8

We have formed an index INFIND by pooling the four partial aspects of influence. In all
aspects there were highly significant gender differences. The mean of the index was 3.17 for men
and 3.50 for women. In others words women were more pessimistic about the possibilities of the
Swedish people to exert influence on the policies of the country in various respects.
Table 13. per centage of respondents wh< checked extreme answers to questions about the
possibilities of the Swedish people to ha-. .11 influence on the country's politics in 4
different aspects.
Percent who
checked "large
possibilities"

Percent who
checked "small
possibilities"

Mean

Energy

34.7

43.3

3.14

Nuclear waste

24.4

53.6

3.44

Taxes

20.4

53.6

3.55

Education

29.0

40.0

3.19

Type of political issue

When it comes to education there was a difference with regard to the judgement of tax
questions. People with a lower education had the opinion that the Swedish people had smaller
possibilities to have some influence on policies than people with a higher education.

2.3.9 Risk definitions
In the questionnaire were included questions concerning the definition of the concept of risk. The
four questions asked for judgments whether risk was defined by the respondent as:

8

. There was a referendum about nuclear power in 1980. Referenda are extremely rare in Swedish
politics - there has been about one eac^. decade since the Second World War, and before that only one.
Since 1980 there has been no referendum but one will be held concerning Sweden's entry into the Common
Market.
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- mainly probability
- mainly consequences
- a combination of probability and consequence
- wholly dependent on the nature of the event
The correlations among those four variables were on the whole low. It is interesting to see
that the first definition, risk as probability, deviated from the other three definitions and that
particularly the second and the third converged. The second and the third definition had in
common that both considered the consequences as part of the concept risk.
The means of these variables show that people were least inclined to accept the fourth
definition and that they were about equally likely to accept the three first definitions.
No significant sex differences were found but there were some interesting tendencies.
Women were less likely than men to agree to the first definition and more likely than men to
agree to the second and the third definitions. Men and women were quite similar in their
responses to the fourth definition. These differences agree with our previous results which support
them even if they were not statistically significant in the present study (Drottz-Sjöberg, 1991).
Those with a higher education tended to reject the second and the fourth definition more
often than those with a lower education.

and attitude

2.3.10 General discussion of relationships between background
data

variables

We calculated correlations between a number of separate attitude variables, the four factor
variables, the indices which were mentioned above and the following background variables:
- sex
-age
- education
- civil status
- the number of own children
- grandchildren or not
- home region
- region
- estimated distance to the nearest nuclear power plant
- income
- profession
The significant differences which were obtained have been mentioned already. When it
came to gender differences there were no significant gender differences in other background data
with exception of income, where the expected difference could be found. (Women had lower
incomes). It is also important to note that the general risk sensitivity without relation to radiation
did not differentiate between sexes. Therefore it is not possible to explain all the sex-differences
in the judgement of repository waste risks and attitude to nuclear power by variation in general
risk sensitivity. This issue will be treated in more detail below.
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Those with a lower education as compared to those with a higher education were
somewhat older, had fewer children, were more often living in a rural area and had a lower
income. On the other hand the gender differences between higher and lower education groups
were small.

2.3.11 Interactions between background variables
Several of the subsequent analyses made use of a preliminary factor analysis of attitude and risk
perception variables. Four factors were found, and factor scores were computed on the basis of
the most salient markers and used in the following analyses. The four factors were:
-

KONSEK: the size of the nuclear waste risk
ACTION: the risk of human error, sabotage, etc.
EXPERT: confidence in experts
MORAL: moral involvement in future generations
Higher values denote a larger perceived risk, a more negative attitude, etc.

A main interest here was to investigate a possible interaction between gender and
profession. The analyses were carried out using the four factor scores. We found that it was
significant for MORAL, p=0.006. Men in the service sector were less concerned with the moral
aspects of nuclear waste risks. In KONSEK and ACTION there were only gender differences, in
EXPERT also a difference between professions, p=0.012.
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Fig. 3. Mean ratings of KONSEK (size of nuclear waste risk) for men and women and three
levels of alienation.
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Another potentially interesting variable is the confidence the Swedish people had that they
can influence the policy of the country in various respects. We formed a new variable which was
intended to measure degree of alienation from the political system, ALIEN. Three levels of this
variable were defined by giving the highest score to those who had checked that the Swedish
people had rather small or very small possibilities to influence the policy of the country in all the
four respects. In a corresponding manner the value 1 was given to those who had checked that
the people had large or rather large possibilities in all of the respects. Other respondents were
given the score 2.
Two-way ANOVA's of this variable and gender with the four factor scores as dependent
variables gave significant effects of ALIEN in EXPERT and KONSEK, and tendencies to
interactions of the same type in three of the four cases, see figures 3-6.
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Fig. 4. Mean judgments of ACTION (risk of "human error", sabotage etc.) for men and women
and three levels of alienation.

It is clear from the figure that regarding KONSEK that men were more negative to
nuclear power and worried about its risks the more alienated they were. For women the pattern
was different because the least alienated women were also much worried over nuclear power in
a manner similar to those most alienated.
In order to investigate in more detail the effects of alienation we carried out three-way
ANOVA's with sex, alienation and education as independent variables. For three of the factors,
all except MORAL, we then obtained clear interactions between alienation and education, with

26

RHIZIKON: Risk Research Reports No. 12

Women

Men

*i>

SO

Q>
VO
U

w

!_

30

O

-t-J

U
(0
LL 30

10

A I i enat ion

Fig. 5. Mean judgments of EXPERT (confidence in experts) for men and women and for three
levels of alienation.
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Fig. 6. Mean judgments of MORAL (moral involvement in future generations) for men and
women and for three levels of alienation.
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9

p-values of 0.011, 0.033 and 0.12 for KONSEK, ACTION and EXPERT . Interestingly enough
it was found that a clear effect of alienation was only found in those with low education and that
it had the same form as the data of women in figures 3-6.

23.12 Multivariate analysis of effects of background variables
The effects which have been described above have a character of detailed analysis. It has been
difficult to take into consideration whether there are complex interactions between dependent and
independent variables. It is also well known that there is a risk when using conventional statistical
methods for univariate hypothesis testing that there are too many significant relationships with
this type of approach. We still do not believe that this is a great danger in the present case since
the sample was large and the effects which have been supported, mainly gender differences, in
general were significant far above conventional significance levels. None the less we have
considered it to be of value to make an attempt at a multivariate approach to hypothesis testing.
We restrict it to the four factor scores since data are not sufficiently extensive to make it possible
to analyze a larger part of the original data variables.
In multivariate ANOVAS we have tested the existence of significant effects of gender in
combination with the grouped independent variables of estimated distance to nearest nuclear
plant, age, income, profession, region and place of living. The four factors scores KONSEK,
ACTION, MORAL and EXPERT were dependent variables. For these tests we used throughout
Pillais V, which has turned out to give the most robust appioximation to an F-test in the
multivariate case, see for example (Haase & Ellis, 1987).
In all cases the gender variable gave a strongly significant efiect, as expected. In no case
could we discern any clear interaction between the independent variables. The only marginally
significant effect of any background variable except gender was an effect of profession, p=0.09.
We have already commented on professional differences in attitudes but it can still be
interesting to describe them in terms of canonical coefficients (only one of four canonical
correlations was significant). It was found that EXPERT discriminated rather well both between
and within professional groups while KONSEK most clearly discriminated between professions.
It was most clearly these two variables which could discriminate between professions.

2.3.13 Regression analysis: prediction

of

waste-attitudes

The aim of the analysis of this section was to see if the central aspects of attitudes in waste
related questions could be predicted from other response variables, such as judgements of threat
and other risk attitudes. If this should turn out to be the case it would provide a basis for building
a reasonable model for the generation of attitudes to risk in connection with treatment of
radioactive waste.

9

. The analysis was also carried out with a model which allowed for a three way interaction but it did
not show any clear traces of such an interaction and this interaction sum of squares was therefore included
in the error-term.
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In order to reach this goal, each of the variables FUTRI, AVFRI, ATTI4, URBERG,
TILLFR, TIMELOG and DEEPLOG was analyzed as dependent variables. Note that the first
four variables measure risk aspects of waste respositories and treatment of waste. The fifth
variable, TILLFR, is an expression of to what extent it is considered that there are satisfactory
solutions of the waste question while the two last variables measure time during which waste is
dangerous and the opinion about a suitable depth for a waste repository. Two of the variables
here are based on single responses, viz., TILLFR and URBERG, while the others are indices
based on single response variables which were highly correlated. There is no reason to believe
that analysis at the level of single responses rather than indices would have given a very different
picture form the one presented here, but of course the work involved in doing the analysis would
have been much more extensive and the presentation of results could have been confusing.
10

There are also purely theoretical reasons to analyze indices when they can be formed
since they have a smaller relative standard deviation of error than the single variables from which
they are formed.
In spite of this we have considered it to be of interest to complement the analysis of
indices with some analysis of single response variables, partly to get a notion about the generality
of the results and partly because certain single response variables had, as it were, unique
characteristics. ATTI4 is a global measure of risk with radioactive waste, TILLFR is not a direct
risk measure but the only variable which directly measures the judgement of contemporary
technical solutions and URBERG is a variable with many steps, measuring perceived risk to
humans by storing nuclear waste in bedrock, which we borrowed from another researcher mainly
for calibration purposes.
The testing of fit of the regression models has been carried out on the assumption of
reasonable generating factors and on the basis of data, most clearly correlational data but also
certain introductory explorative analyses. The analyses have been carried out for the whole group
and also for separate sex and educational groups but since we did not find any large differences
in the last mentioned respect we here give the results only for the whole group.
The independent variables v, hich finally came to be used are the following:
1. KAERN. This variable was formed by the global nuclear attitude, Al'I'll, and HOT7. The two
included scales were standardized to a common mean (0) and standard deviation (1), HOT7 was
reversed and the mean of the two judgements was computed for each person in order to give the
variable KAERN, which thus measures the attitude to nuclear power. Higher values of the
variable reflect a more positive attitude to nuclear power.
2. KONTHOT. The mean of HOT1 - HOT6 was calculated for each individual as well as the
mean of RISKE1 - RISKE5. The mean of these two means was calculated for each individual in
order to generate the variable KONTHOT. This variable measures sensitivity to threats in
general, disregarding threats from radiation and nuclear power. Higher values indicate higher
sensitivity to threats and risks.
. These are all variables which measure, in various ways, the perceived risk of nuclear waste.
TIMELOG and DEEPLOG are average log ratings of time of risky period and desirable depth of a
repository in bedrock.
10
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3. EXPTRO. This variable was calculated as the mean of KNOW2 and KNOW3, as well as EXP1
- EXP3, the latter variables after reversal. Notice that we have not included the opinion about
own level of knowledge and not confidence in experts which have in public rejected nuclear
power. The variable measures confidence in established experts in the nuclear field. Higher values
indicate less confidence.
We have also tested a number of other independent variables but have rejected them
because they did not give any noticeable improvement of the models: a measure of choice of
probability as a definition of risk, fear of natural background radiation, the opinion about the
possibility of the Swedish people to influence nuclear waste policy, confidence in experts which
have rejected nuclear power and the estimation of own level of knowledge in questions
concerning radioactive waste. There were, however, two exceptions: small but visible improvements of the models were produced partly by including as a separate predictor the experienced
threat from nuclear war, and partly from an index based on two questions measuring moral
aspects.
The result of a multiple regression analysis with the three mentioned independent
variables for each for the seven dependent variables are given in Table 14. For TTMELOG and
DEEPLOG no beta-coefficients are given because these variables could not be explained to any
noticeable extent by the independent variables in the present models (and not from any other of
our data either). Otherwise the three predictors gave a good fit. About 55 per cent of the
variance could be explained by the variables which does not leave much true variance
unexplained, particularly not for the single response variables.
Table 14. Multiple (squared, adjusted) correlations and standardized beta coefficients for
the prediction of attitudes to radioactive waste.
Attitude variable
AVFRI

FUTR1

ATTI4

Multiple correlation

0.61

0.54

0.50

0.42

Beta: KAERN

-0.41

-0.38

0.52

0.35

-0.46

Beta: KONTHOT

0.31

0.30

-0.12

-0.03

0.11

-0.28

-0.27

0.19

0.36

-0.31

Beta: EXPTRO

TILLFR

DEEPLOG
0.07

TIMELOG
0.01

^Jt
BERG
0.55

It should be emphasized that all three predictors independent of each other contribute
to the explanation of some part of the variance in each dependent variable. We see for example
that general threat sensitivity can explain part of the attitude to risks with radioactive waste, but
only a part, and that significant improvements arise if nuclear attitude and confidence in expertise
are also taken into consideration.
The predictors were tested also when it came to the question of how waste should be
deposited (qualitative questions), with the help of discriminant analysis. Only the predictor
EXPTRO had any clear connection to this qualitative variable.
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2.3.14 The effects of sex, profession and education with predictors under
statistical control
It is natural to ask if the differences between background categories described in this report can
be explained by the groups differing in the fundamental aspects of nuclear attitude, general threat
sensitivity and confidence in expertise. This seems to be the case. All main effects of sex,
profession and education were eliminated when the three mentioned variables were entered as
co-variates in three-way ANOVAS with attitude to waste in the mentioned aspects. This means
that the effects of background variables were mediated by the attitude variables.

2.3.15 Separate analysis of the youth group
We have noted that the age variable not was particularly effective as a predictor of attitude data.
In spite of this we found it important to make a special study of the youth group, in this case the
respondents in the age group 18-22 years, in order to compare with our previous results
concerning nuclear attitudes collected in the fall of 1986 (Drottz-Sjöberg, et al., 1991). In the
earlier study we found that the adolescents were more positive to nuclear power than other
groups and worried less about possible risks.
We separated the data in two groups: respondents in the age group 18-22 and those who
were older than 22. Two-way ANOVAs with gender and age according to above were carried out.
Dependent variables were the variables which were used in the regression analysis above and the
four factor scores. The age variable hardly reached significant results in these analysis and neither
did the interaction terms but none the less there were certain consistent trends which are worth
reporting and commenting upon.
A detailed study of the results shQwed that
- young women as compared to older women were somewhat more negative to nuclear power and
emphasized threats and risks both with nuclear power and otherwise to a larger extent than other
women. These results were found in 10 of 14 variables.
- young men as compared to other men did not show any consistent trend. In certain aspects they
were more risk aversive and in others they were less risk aversive.
- women as compared to men were throughout more negative to nuclear power and more risk
aversive but the gender differences were particularly large in the group of adolescents in 10 of
14 variables.

2.3.16 Respondents'

comments

Many of the respondents took the occasion to give us written comments to the study and to the
questions which were brought up in it. We found many of these comments interesting even if they
of course-were quite heterogenous. We abstain here from trying to code the contents of these
comments for a qualitative analysis and the reader is instead directed to Appendix 5 in Sjöberg
et al. (1988) which includes all comments.
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2.3.17 Analysis of indications of uncertainty
In many questions in the questionnaire there was a possibility to answer "don't know" and "none
of the above". We have evaluated these answers with the help of the following index variables:
- RVETEJ: the number of choices of "don't know", with the exceptions of time- and depth-ratings,
in relation to the total number of responses given to such variables.
- RVETEJTD: The number of "don't know" responses for time- and depth-ratings in relation to
the number of items of this type which had been responded to.
- RNOPASS: The number of the "none of the above" responses in relation to the number of the
variables which had been responded to.
Two way ANOVAs of these variables with gender and education as independent variables
gave significant effects of gender and education for the first two variables. The share of the
sample which gave values larger than 0 for each variable is given in Table 15.
Table 15. per centage of each group who gave values >0 for each of the three variables
used as measures of uncertainty.
Group

RVETEJ

RVETEJTD

RNOPASS

Men, low education

38.3

13.5

8.3

Men, high education

21.1

10.2

12.5

Women, low education

45.Ö

20.0

7.5

Women, high education

44.3

18.3

8.7

It is seen in the table that men were less uncertain than women in the sense that they
gave fewer "don't know"-answers but that they also gave more answers which rejected all given
response alternatives "none of the above"). It is also clear that people with a higher education
gave fewer "don't know"-answers and more rejections of the given response-options.
The three indices of uncertainty have also been related to other variables with the help
of correlational analysis. No strong and consistent relations could be found with the exception of
a rather strong relation (r=0.32) between the number of "don't know"-answers and the judgement
of one's own knowledge in the area. As could be expected those who judged their level of
knowledge as lower also gave more "don't know"-answers.
The existence of "don't know"-answers has the net effect that data become somewhat
more dominated by male respondents than what can be concluded from data about the sample
as a whole. In addition, higher educational levels will be still more over represented, however not
strongly since the effect of education on "don't know"-answers is rather modest and since the
effect is somewhat counteracted by the fact that those with a higher education had a tendency
to choose more often the answer "none of the above".
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2.3.18 Extreme responses and intra-individual standard deviation
On many occasions in this report we have found it fruitful to analyze especially the most extreme
responses. Behind this strategy is the assumption that a choice of an extreme response alternative
is a more certain indication of strength of an attitude than the information you get from people
who have chosen less extreme response alternatives. In this section we go deeper into an analysis
of the extreme response alternatives. We complement with data on intra-individual deviations,
i.e. the deviations of answers which can be measured for each individual in certain of the lists of
judgements which were included in the questionnaire. In a first round we computed for nine lists
of sub-questions the following measures:
-SD: the intra-individual standard deviation.
-M: the intra-individual mean.
-A: the absolute difference between the intra-individual mean and the midpoint of the scale.
-X: the number of choices of extreme response alternatives (the highest and the lowest category
in each scale ), divided by the number of non-missing data for the scale. This measure was also
of course defined in an intra-individual manner.
In Table 16 we give the correlations between the four measures in each of the nine lists
and also the proportion of the sample for which the mean, M, was above the midpoint of the
scale, m.
In interpi- ig these findings, it is reasonable to assume that there is a tendency for an
inverse U-formed lelationship between M and SD in principle. The maximum should coincide
with the midpoint of the scale. The reason for this assumption is that extremely high or extremely
low values of M do not admit anything but very small values of SD.
If, however, the main part of the M-values are below the midpoint of the scale we should
expect that the relationship between M and SD should be positive and approximately linear. The
opposite should be true if the main part of the M-values are above the midpoint. As expected we
found that the only two cases with positive correlations between M and SD were the two scales
having a significant proportion of cases M<A (RISKE and RISKF). Another implication of the
hypothesis of the inverse U-shaped relationship is that we should have a negative relationship
between SD and A. This is true throughout. In the column A-M we found that the relationships
are positive when the major share of M is larger than m (the midpoint of the scale) and negative
in two other cases. This too is well in accordance with the general picture given by these data.
The relationships between X and M are rather weak but tend to be positive. This again
is well in accordance with a dominance of ratings larger than the midpoints of the scale. The fact
that we found consistently positive relationships between A and X is natural considering that
nv
extreme ratings lead to a larger deviation from A if they tend to be on the same side of the
m;, oint. One can suspect that there are strong tendencies in this direction considering that the
oni) variable list which does not give a clear positive relationship between X and A is OPIN. In
this list it is natural to shift between high and low ratings since the statements are sometimes.
negative to nuclear power, sometimes positive. Notice that OPIN is the scale giving the largest
relationship between SD and X. If you give many extreme ratings all of the same side of the
midpoint there is of course a tendency to have a small intra-individual standard deviation. If on
the other hand you give extreme judgments sometimes in one and sometimes in the opposite part
of the scale there should be a tendency for a high positive correlation between SD and X.
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Table 16. Correlations between de 4 measures computed for each of 9 lists of questions
and the share M>m.
SD-X

SD-A

SD-M

X-A

X-M

A-M

M>m

HOT

-.04

-.61

-.46

.69

.48

.71

83.6

KNOW

.43

-.17

-.17

.54

.21

.30

52.4

RISKE

.39

-.41

.36

.51

-.07

-.48

22.2

RISKT

-.32

-.57

-.32

.84

.68

.70

74.2

RISKTR

-.15

-.47

-.06

.79

.39

.38

62.0

OPIN

.80

-.42

-.41

.07

.02

.92

90.8

EXP

.51

-.31

-.30

.42

-.26

.19

64.9

INFLU

-.08

-.40

-.10

.72

.30

.35

58.5

RISKF

.32

-.58

.71

.54

-.17

-.75

15.0

List:

To study these relations more in detail we have computed the proportion of low extreme
ratings and the proportion of high extreme ratings separately for each variable list. In table 17
we give means for these variables for each list and the correlation between them.
When it comes to risk judgements we see that extremely high values are most common
for risks which do not concern one's own person. It can also be remarked that the risk-definition
question, RISKF, has a completely unique structure with a large number of extreme values in
both parts of the scale, similar to OPIN. It is also remarkable that a clearly positive correlation
between choices of high and low extreme responses can only be found for OPIN. In the other
scales it is rather the case that these two response tendencies are independent of each other.
The structure was further studied with the help of factor analysis. Two factors cold explain
most of their common variance and they were rotated with the help of the promax-method. The
factors were roughly independent, r=0.22. The reference structure is given in Table 18.
As seen in the table there was a tendency for low extreme answers to form one factor and
for high extreme answers to form another. The tendency was however not followed by the list
EXP which had the property that high extreme answers expressed confidence in nuclear power.
It is therefore likely that the factor governing the correlations is not the tendency to extremely
high or extremely low answers but a general attitude in the direction of being positive or negative
to nuclear power. This conclusion is the basis for the continued analysis.
In order to create a more clear picture of the extreme responses and to relate them to
the directions of the response scale the following analysis was carried out. We first formed a
partial set of the variables expressing a clear standpoint for or against nuclear power or
measuring risk aspects of relevance to nuclear power and radioactive waste. This group of
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variables was then separated into to subgroups: variables with a response scale where increase"
denoted a more positive attitude to nuclear power or a smaller risk and variables with a
response-scale with the opposite content. ATTIl belongs to the first group and HOTl-7 to the
second. Note thus that we now work with a content related grouping with the variables, and not
with formal aspects of the response scales.
Table 17. Means for choices of extreme ratings and the correlation between low and high
extreme ratings for each list of variables.
M, low extreme
ratings

M, high
extreme ratings

Correlation
between low
and high

HOT

0.03

0.27

-0.12

KNOW

0.03

0.05

0.00

RISKE

0.10

0.05

-0.11

RISKT

0.02

0.24

-0.14

RISKTR

0.07

0.18

-0.21

OPIN

0.12

0.36

0.33

EXP

0.08

0.08

0.04

INFLU

0.06

0.18

-0.12

RISKF

0.38

0.12

-0.17

List

The next step in the analysis involved forming four partial variables of proportion of
answers in either extreme on each response scale:
-LOPOS: the proportion of answers with a low extreme value, increasing scale
-HIPOS: the proportion of answers with a high extreme value, increasing scale
-LONEG: the proportion of answers with a low extreme value, decreasing scale
-HINEG: the proportion of answers with a high extreme value, decreasing scale
If there is a general tendency to express a negative attitude to nuclear power and a high
risk evaluation there should be a correlation between HIPOS and LONEG and also between
HINEG and LOPOS. Interestingly enough it is most clearly the latter pair which showed a high
correlation.
We have calculated how large a share of persons there was which never gave never an
extreme answer to each of the four types: The per centage was for HIPOS 46.4, for LOPOS 33.9,
for HINEG 10.0 and for LONEG 49.5. These are very dear differences and we now comment
on their meaning.

n

. With increase we mean a response indicating a choice of a higher number or category lower on the
list of response categories (provided that the categories at the top of the list denote a smaller quantity).
Decrease is of course the opposite.
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Table 18. Reference structure (Promax) for extreme responses, high and low. Low extreme
responses are denoted with the suffix LX, high with HX.
Variable

Factor 1

Factor 2

HOTLX

.06

.54

HOTHX

.56

-.12

KNOWLX

.02

.23

KNOWHX

.23

.00

RISKELX

-.02

.50

RISKEHX

.57

.00

RISKTLX

.04

.77

RISKTHX

.78

-.04

RISKTRLX

-.05

.77

RISKTRHX

.80

-.03

OPINLX

.55

.08

OPINHX

.52

.12

EXPLX

.51

.13

EXPHX

.18

.25

INFLULX

.05

.19

INFLUHX

.38

.04

RISKFLX

.22

.06

RISKFHX

.05

.16

Table 19. Correlations among 4 indices of extreme responses, two groups of variables.
Variable

HIPOS

LOPOS

HINEG

HIPOS

1.00

LOPOS

-.14

1.00

HINEG

-.03

.73

1.00

LONEG

.48

-.19

-.22

LONEG

1.00

1. Very few people abstained from using an extremely high value on the response scale when this
value expressed a negative attitude to nuclear power or a high risk judgement. Considerably fewer
used extreme judgements when such a judgement expressed a low value on the response scale
denoting a more positive attitude for higher values.
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2. The same tendency could not be found at a-, when it came to checking an extremely positive
opinion or making an extremely low risk judgement. Here the scale effect was almost completely
absent.
3. Correlational data showed that HINEG and LOPOS seemed to express a common dynamic,
both expressing a negative attitude.
4. Among the other analyses of extreme answers that we have performed we can mention that
there was a gender difference and also, after statistical control of nuclear attitude, when it came
to LONEG, i.e. the rejection of a negative message. Men were considerably more likely than
women to make extreme rejections of negative messages.

2.3.19 Conclusions
The results of Study 1 will be discussed in detail in the concluding discussion section of the
present report. It should be noted, however, that the data were collected in a somewhat unusual
situation, rather close in time to the Chernobyl accident. The attitude to nuclear power has since
then, according to polls, become more positive. Does this mean that people also have become less
concerned about nuclear waste risks and more confident that a working and safe solution to the
problem of storing nuclear waste has been found? To answer this question we decided to carry
out a follow-up study.

3 S.udy 2: A follow-up study seven years later
3.1 Introduction
The data which have been discussed so far were collected in the spring of 1987, a little less than
one year after the Chernobyl accident. At that time, a large part of the negative evaluation of
nuclear power caused by the accident had already disappeared, although some of it was still
present. Polls carried out since then by various commercial polling agencies in Sweden have
suggested that there has been a steady rise in the nuclear power attitude in the almost seven years
since the accident. However, such data are of uncertain quality since they are usually based on
home or telephone interviews which are notoriously sensitive to interviewer effects (Sjöberg &
Drottz-Sjöberg, 1993). It could be the case that we have not observed a true attitude change but
merely an increased tendency of respondents to answer what they perceived was wanted from
them by the interviewers. In addition, commercial polling agencies virtually never disclose any
data about response rates so the quality of these results is unknown, and it is particularly difficult
to know if the response rates now are different from what they were in 1986, when people were
more involved in nuclear power issues . Our own questions are also only partially covered in
regular polls, which neglect, e.g., the distinction between general and personal risks and between
physical and managed risk. Finally, discussion about an incident at the Barsebäck plant in the
•summer of 1992 had been rather intense in Sweden and SKI, the nuclear regulatory agency in
Sweden, had ordered extensive shutdowns of nuclear power plants in the fall of 1992.
12

". The situation is better when it comes to polls conducted by Statistics Sweden but they also use home
interviews and are thus subject to the critical remarks regarding interviewer effects.
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The present investigation of nuclear waste risk perception and attitudes therefore involved
a follow-up with a mail questionnaire to a random sample of the population. A selection of the
questions asked in 1987 was repeated. A number of other questions were also asked, but they will
not be reported here but in a forthcoming report.

3.2 Method
A questionnaire was mailed to a national sample, aged 18-65 years, consisting of 600 persons, in
December of 1992. After two reminders more than 48 per cent had responded. The following
analyses are based on the first 48 per cent responders, ignoring the others. A forthcoming report
will deal with those and additional data.
A selection of the questions and response scales from the 1987 questionnaire were
repeated in this study. They were:
- the general attitude to nuclear power
- the importance of the nuclear waste problem
- risks connected with handling and storing nuclear waste
- if nuclear waste issues are satisfactorily solved
- time during which 3 types of waste can be expected to be dangerous
- the suitable depth in bedrock to place 3 types of waste
- confidence in 4 types of experts
- personal risks, judged on a 0-5 scale
Some comparisons of background data are given in Table 20.
Table 20. Comparisons of respondents' background data in Study 1 and 2.
Variable

Study 1

Study 2

Percentage male

52.7

54.2

Mean age

41.1

42.1

Percent elementary education only

22.8

26.0

Percent college education

25.2

22.8

It is thus seen that the two samples were quite comparable in these background variables.

3.3 Results
The overall attitude to nuclear power had become more positive, or less negative, for both men
and women, see Fig. 7. The development was quite similar for men and women.
When it came to the over-all managed risk, the situation was also rather similar, see
Fig. 8. There was clearly a tendency to judge the managed risk as smaller in 1993 than in 1987.
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Fig. 8. Mean over-all managed risk of nuclear waste in 1987 and 1992/93.
The situation was différent for physical risk, however, see Fig. 9 and Fig. 10. It is clear that
the physical risk was judged to be larger in 1993 li \ in 1987, especially when it came to high
level waste.
Among other results we also mention a slight, but significant, increase in trust in experts,
especially among female respondents.
As to the satisfaction that respondents had with the solution of the waste problem, it was
still low. There was a change from -1.670 to -1.507, not significant, and in both cases expressions
of a negative overall attitude.
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3.4 Conclusions
The results of the follow-up study confirmed the expectation of a more positive attitude to nuclear
power in 1993 as compared to 1987. However, the picture was somewhat complex since people
were still skeptical about the solution of the nuclear waste problems and they tended to be even
more concerned about the physical risks, as contrasted to the managed risks.
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4 Summary and discussion
4.1 Summary
This study has provided an overview of nuclear waste attitudes. We now summarize our main
points.
(1) There seems to be considerable interest in these questions, as manifested by the fact that
many people were quite willing to reply to extensive and partly difficult questionnaires. We also
received a great many involved and sometimes extensive comments, a fact which also testifies to
the involvement that people had in these questions. People of all ages, men and women, and
members of many professions and from the entire country took part in the studies. Those who
refrained from participation seem to have done so mainly because they regarded the questions
as too difficult for them to answer.
(2) The attitude to nuclear power was measured in the present studies with only a few questions.
As compared to data collected in the fall of 1986 (Drottz-Sjöberg, et al., 1990; Sjöberg, et al.,
1987) and in 1987 the attitude seems to have become more positive, or, more precisely, less
negative. The threat from nuclear power to society was still judged as being at a high level,
however, third among the mentioned possible threats, after general environmental destruction and
AIDS. When it came to the question of a possible dismantling of nuclear power there was much
variation among the answers, from those who favored immediate dismantling to those who wanted
to expand nuclear power. There was, however, a majority in favor of dismantling (not necessarily
immediately, though). The current risks for society and the nuclear waste risks were given the
highest ratings, then came future waste risks and finally personal risks.
(3) The question of nuclear waste was considered to be very important. People also responded
that they felt that the question had not yet been solved in a satisfactory manner. They preferred
waste being kept in bedrock at a large depth. The respondents also stated that they themselves
knew rather little about these questions, and they were rather skeptical about the ability of
experts to solve this problem. Many respondents were also skeptical towards government agencies.
Experts employed by the nuclear industry were judged in a polarized manner. They had many
supporters but also many critics. Risks involved with the handling of nuclear waste were judged
as "rather" or "very" large by roughly 60 per cent of the respondents. The aspects which were
considered especially dangerous were "the human factor", war and sabotage, and decreased
economic resources in the future.
(4) Many respondents agreed that we have a moral responsibility towards future generations,
responsibilities which are brought to mind by questions related to nuclear waste disposal. Many
respondents also stated that decisions about nuclear power had been made without much concern
about future generations. It was felt that it was important to be able, in the future, to have access
to a repository; within 100 or 200 years when perhaps better solutions had been found.
(5) It was natural that uncertainties were large when it came to quantitative aspects such as how
long various types of waste are dangerous, how deep it should be placed, etc. When it comes to
time the median values for low, middle and high level waste were 10, 95 and 200 years. The
corresponding values for depth were 50, 100 and 400 meters.
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Correlations in the group of judgments of depth were quite high, about 0.8 or higher,
while those between depth and time still were significant and positive, but much lower, about
0.1-0.2. The few significant correlations we obtained between these quantitative judgments and
other attitude data were found between judgments of depth and other data, at the 0.2 level.
When it came to political aspects there was a tendency to favor the opinion that
Parliament should make energy policy decisions with a 20 year perspective, and 10 years with
reference to spent nuclear fuel. It seems that these quite short time spans are related to a notion
that the area is very important and risky and that our present knowledge is insufficient so it is
desirable to avoid being locked in an unchangeable position. The ability of the Swedish people
to affect policies was considered to be especially large when it came to energy policy. Questions
related to the handling of nuclear fuel were considered to be possible to influence, at least more
than taxation.
In the male group we found a relationship between alienation, indicated by a skeptical
attitude to the possibility of the Swedish people to affect the policies, and risk averse attitudes.
More alienation was associated with a negative attitude to nuclear power and more concern over
the risks of nuclear waste. For women, a similar relationship was found for the most alienated
group, but also the least alienated women were more risk averse.
Most background variables had little influence on attitudes. An important exception was
gender which correlated with attitudes throughout. Women were more risk averse than men and
more negative to nuclear power. Occupations were less related to attitudes, but it was found that
farmers were negative to nuclear power and concerned about its risks, more so than other
occupational groups.
Risk perception with regard to nuclear waste could rather well be explained by three
predictors, viz. (a) attitude to nuclear power, (b) general sensitivity to threats, and (c) trust in
experts in the area. These three types of predictors each contributed to the explanation of risk
attitudes. When it came to the judgment whether available waste technology was sufficient it can
be noted that the aspect of societal threat of nuclear power had no significant effect, which is
natural since the risk aspect was subdued in this question.
These three predictor variables could rather well explain the relationships between
background data and risk attitudes referred to above, in particular the strong gender differences.
This does not mean, of course, that these differences are "explained away", as it were, but it does
imply that a large share of the differences can be explained by the three independent aspects of
nuclear power attitude, general sensitivity to threats, and trust in expertise.
The results of additional regression analyses indicated that it might be possible to get an
even better understanding of risk attitudes by including more information about nuclear war risks,
as well as moral aspects (Shrader-Frechette, 1991). A similar model was fitted by Biel and
Dahlstrand (1991).
It was very hard to explain variation in quantitative aspects of time and depth, another
result in good agreement with our previous work, cp. also Biel et al. (1991).
The adolescents of the present studies showed no signs of being more positive to nuclear
power and less risk averse than other groups. On the contrary, young women showed a clear
trend in the opposite direction, a trend which had the effect that gender differences became
particularly pronounced in the group of youths, as compared to adults.
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Comparing 1987 and 1993 we found that people had become more positive to nuclear
power and that they judged the managed risk of nuclear waste as less. They also were somewhat
more trustful of experts. Still, they were not more satisfied with the available solution to the waste
problem and they judged the physical risks as higher in 1993 than in 1987.

4.2 Discussion
First a few words about methodology. A number of people did not respond to the questionnaire
with the argument that the questions were too difficult for them. We still feel that the results
show that it is quite feasible to use a rather extensive and complex questionnaire on a
representative sample of the Swedish population, at least when the problems covered are
involving. We believe that the difficulty that some people experienced in responding to the
questionnaire should be understood in terms of the complexity of the issues, rather than in
understanding the written text per se. Unwillingness to respond in a case when one feels strong
uncertainty is a reasonable reaction, and people should not be pressed to answer in such cases.
As we pointed out elsewhere (Sjöberg & Drottz, 1986) response rate data are often
reported in such and opaque and indirect manner that the reader either learns nothing about this
important aspect from the poller's report, or the poller tries to convey a much too optimistic
picture by means of such concepts as "net sample" (including only those who could be easily
reached). Telephone interviews are becoming increasingly popular and in this case the claims by
the polling agency are particularly hard to check. In a recent contact (November, 1992) with one
major polling agency in Stockholm they claimed to get well over 95 per cent response rate with
telephone interviews. (This must be a world record). It is probably very tempting to exclude
people who cannot be readily reached by a phone call from the sample and not count them as
refusals. Refusals then become only people who could be reached and explicitly refused.
It should be added that all types of data collection which require direct interaction with
a respondent carry with them the risk of interviewer influence. In-home interviews have, e.g.,
given quite a different picture of the acceptance of a nuclear waste repository as compared to
mail survey data (Sjöberg & Drottz-Sjöberg, 1993). It seems that people are prompted to commit
themselves in the face-to-face situation, and a dramatically larger number of respondents refrain
from taking a definite stand in a mail survey if an explicit "don't know" response alternative is
provided.
If a sizable proportion of the population in fact does not have an opinion in these
questions it is reasonable that they should not be included. Of course, it is hard to know what to
mean exactly by having or not having an opinion. We think it is important to consider, in future
work, how to improve methodology in this respect in order to diagnose if a person has or does
not have an opinion. It would be useful to have a standardized method for estimating the share
of a population who has an opinion with regard to a topic, in order to separate the share of the
non
pondents which is due to a lack of opinion from others, who are non-respondents for other
rea; ..
Some comments we received question that it is at all meaningful to try to find out about
opinions in technical matters such as the present ones. We of course disagree, but we do think
that one should take the experienced meaningfulness of a studies into account in further work.
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We got responses from a wide selection of Swedes. All ages, occupations, levels of
education and regions were represented. There was, however, an over-representation of those
with a high level of education, and of men, the latter mostly because men who responded had a
higher tendency to respond to the questions than women did. The latter more often responded
"don't know". Since men and people with a high level of education have a tendency to be less risk
averse than women and those with lower level of education it is reasonable to conclude that the
picture of Swedish opinion provided by the present studies gives a too positive description of
attitude to nuclear power and an underestimation of perceived risk levels.
Concerning those who refrained from answering the questionnaire at all, one could
hypothesize that the unwillingness to respond might be related to risk aversion, thus strengthening
the possible underestimation of perceived risk levels.
Research on attitudes to nuclear waste has been carried out since the middle of the 70's,
especially in the USA, and throughout it has been found that the public is both involved and
worried about this aspect of nuclear power (Holdren, 1992). Swedish data in addition to our own
are available (Sundqvist & Söderberg, 1991). The issue is indeed a very potent social conflict,
witnessed by statements such as the following (Flynn, Kasperson, Kuhnreuter & Slovic, 1992):
"Although it is hardly news that the public is opposed to the siting of nuclear waste
dumps, what is startling is the depth of public fear and revulsion. The public's visceral
horror of all things nuclear has never been adequately understood by the government
or the nuclear power industry, which have tended to dismiss such concerns as
irrational and rooted in misperception and misinformation", (p. 43).
The entrenched conflicts surrounding nuclear waste storage seem to be extremely hard
to solve (Slovic, Flynn & Layman, 1991; Slovic, Layman & Flynn, 1991; Slovic, et al., 1991).
In our study of adolescents we obtained similar results, replicated here. There are,
however, other studies which show that the public is quite concerned about all kinds of waste, not
only nuclear waste. It would be interesting to study comparatively how people perceive different
types of waste. French data, collected in a national poll in 1991, indicate that nuclear waste was
seen as the worst kind of waste by that population (Barny, Bonnefous & Brenot, 1992b). Siting
of hazardous waste is becoming a very difficult social problem (Lake & Disch, 1992), and
property values would probably increase if successful clean-up were to be carried out (Ketkar,
1992). New technology and active public participation in the siting process have been mentioned
as a way out of the stalemate (Bullard, 1992).
We found here as a quite strong effect the different levels of perceived risks for collective
as compared to personal risks, cp. Sjöberg and Winroth (1986). We found a clear tendency for
judging personal risks as less' than collective risks, and the largest risks were conceived as those
which pertained to the present collective or society.
In our previous study one of the major results was the strong variation inrisk perception
across lines of study in high school. In the present studies the closest relationship is the
comparison of different occupational groups. Here we could not see a difference between
technologists and economists on the one hand, people working in medical care on the other. But
we did find that farmers were the most negative group when it came to nuclear attitudes, a result
in a good agreement with our previous work (Drottz-Sjöberg, et al., 1990; Sjöberg, et al., 1987).
Since we know of little other work with this particular occupational group we find the results
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interesting and it would be interesting to find out in more detail why farmers are distinguished
from other groups.
Risk attitudes with regard to nuclear waste could be rather well explained with help of the
tested regression models. Our interpretation is that risk attitudes express partly the attitude to
nuclear power, partly trust in expertise in the area and also a general tendency to be risk averse
and sensitive to threats. As noted above, these predictors could also explain most of the gender
differences with regard to risk perception. We also found that the perceived risk of nuclear war
could to some extent improve the models, as well as moral attitudes. It is also possible that the
inclusion of life values with regard to nuclear power could improve predictions, as suggested by
our previous results. On the other hand, the currently popular Cultural Theory of risk perception
(Douglas & Wildavsky, 1982; Wildavsky & Dake, 1990) was tested on a group of Swedish students
(Sjöberg, 1991) and found to explain only a very minor share of the variance of perceived risks.
Other, as yet unpublished work in our department, confirms this finding.
We still believe that improvements can be made along the lines discussed above but at
the same time we suggest that the present models are so effective that any improvements
probably will be margin..;. It would therefore be more interesting to develop the contents of the
predictors we have studied and to proceed to a study of structural models.
We consider that it would also be interesting to study further which factors are important
for understanding how long nuclear waste is considered to be dangerous and how deep it should
be placed. It is remarkable that the relationship between these ratings and judgment of how
dangerous waste is, or how large its risks are, is so weak. In addition, it has not been possible to
predict these ratings on the basis of the same fundamental predictors that work so well for
explaining other types of risk perceptions.
Group differences could in the present studies be documented mainly on the basis of
gender. Also, the gender differences could be well explained by the three mentioned types of
predictors. Women were less consistent than men when it came to judgments of the time when
waste is dangerous and the desirable depth of a deposit. They wanted to place waste at a deeper
level than men wanted to. It would be interesting to conduct further work on the topic of what
explains gender differences in regard to nuclear power matters, different other types of threats
and the perceived trustworthiness of experts.
Alienation is another variable which could be further analyzed. A high level of alienation
seems to be an expression of a general skeptical, or perhaps even cynical, attitude to society. It
seems only natural that it is associated with a rejection of nuclear power and a high level of
perceived risk. It is also interesting to note that this relationship was more complex in the female
group. The least alienated women also showed a high level of perceived risk.
Among other background variables it should also be mentioned that education seems to
carry with it a more positive attitude to nuclear power and less risk averse attitudes. There were
no clear interactions among gender and education. There were also some rather "natural"
relationships) e.g. that those who had children were more concerned about the fate of future
generations.
The effect of education can be interpreted in different ways. A possible interpretation says
that higher education creates more trust in the established experts in an area, and in the case of
nuclear power the dominating message from experts is reassuring. This interpretation is
contradicted by the fact that more educated people judged all threats to society as less than those
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who had less education. In fact, people with a low level of education give higher risk ratings on
all scales of perceived risk (with one exception). The difference was on the average 0.25 scale
steps on three of the four risk lists, 0.13 on the fourth. Differences among educational groups
were significant on the first three lists. Note that in many cases ratings concerned general risks
having nothing to do with nuclear power, such as drowning, be hit by lightning, etc.
Some results are similar to those we obtained in a study of personnel in nuclear power
plants (Sjöberg & Drottz-Sjöberg, 1991). In that study we found that higher educational level, and
also specific knowledge of ionizing radiation and radiation risks, was associated with less risk
averse attitudes. But those who had a lower level of education may also have had in fact more
risky jobs. The same could be true in the present studies. Those who had a lower level of
education may have lived in an environment with more real risks.
The development found here in nuclear waste risk perception and attitudes between 1987
and 1992/93 is similar to results summarized in a review of French data covering the same time
period (Barny, Bonnefous & Brenot, 1992a). For example, in 1986/87, following Chernobyl, only
13-15 per cent agreed that it was possible to store nuclear waste in a safe manner. The figure had
risen to 23 per cent in August, 1992. The figure just before Chernobyl was 17 per cent, a few
years earlier (1983) as high as 34 per cent.
The perception of nuclear waste risks is of course related to fear of radiation. It has
sometimes been argued that such fear is irrational, even neurotic, and it has been termed "radiophobia". However, as argued by Drottz-Sjöberg and Persson (1993) this is an unfortunate way of
labeling social attitudes which surely do not in general reflect neurotic fear. We have found in this
study that the attitude to nuclear waste risks are, among other things, accounted for by trust, or
lack of trust, in experts. It is only natural that this should be the case since nuclear waste risks
cannot be sensed directly by the public, only inferred from what experts say. The perception of
risk is therefore largely a question of the way a society has been able to establish trust, and that,
in turn, is question which often can be understood only with reference to history and the type of
social-political system (Drottz-Sjöberg, 1993). If trust has been lost, the way to re-establish it is
difficult indeed. It has been suggested that a requirement is to give to the public more direct
influence and access to information (Sjöberg, 1992). The gap between experts and the public is
at times very large. In the long run, the conflicts created by such a gap undermine the democratic
legitimacy of the decisions made by the administration.
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