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Risk judgments may be based on relative frequency information (RFI) about 
past accidents and/or on cognitive scenario information (CSI) about possible 
future accidents. A preceding study revealed that CSI dominates RF1 when 
subjects assess the riskiness (accident probability) of small-scale, personally 
controllable activities. Our current hypothesis is that RF1 is more important 
when risk judgments concern large-scale, personally less controllable activi- 
ties. Ninety-six subjects read 16 descriptions of decision problems involving 
large-scale risks, offering a choice between a risky and a safe alternative. A 
paragraph containing both RF1 and CSI was inserted into each description. 
Within subjects, RF1 varied in the height of the reported accident frequency 
and in its statistical quality; CSI varied in the number of suggested accident 
scenarios and in their concreteness. Between two groups of subjects, the 
suggested personal controllability of the risky activities differed. It was found 
that subjects base their risk judgments and risky decisions on both types of risk 
information but that RF1 plays a more prominent role when the risks concern 
large-scale, uncontrollable activities. Earlier findings on specific frequency 
and scenario information effects were replicated. Personality differences in 
“locus of control” were found relevant. 8 1%~ Academic PXSS, IIX. 

Among risk analysts, there is a fair amount of agreement that proba- 
bility of loss is a main component of risk judgments and risky decisions. 
This has also been documented in laboratory experiments on risk judg- 
ment and decision making (e.g., Slavic, 1967; Payne, 1975; Coombs & 
Lehner, 1984; Weber, 1988) as well as in some’ psychometric studies on 
perceived risk (e.g., von Winterfeldt, John, & Borcherding, 1981; Kuyper 
& Vlek, 1984). To assess an activity’s riskiness and to decide upon its 
acceptability one has to assess- among other things-the likelihood that 
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’ In other psychometric studies (e.g., Vlek & Stallen, 1981; Slavic, Fischhoff, & Licht- 
enstein, 1984), the investigators arrived at the conclusion that “accident probability” is a 
less important dimension of risk. For a possible explanation of this apparent discrepancy, 
see Kuyper & Vlek (1984, p. 217). 
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the activity will result in a loss or an accident. But unlike probabilities in 
well-defined laboratory gambles, the loss probability of realistic risky 
activities, such as driving a car, handling toxic chemicals, or living near a 
nuclear power plant, is usually not apparent. How do people assess ac- 
cident probabilities? What information is (most) relevant for judging such 
probabilities? Do different informational conditions elicit different cogni- 
tive strategies for probability assessment? 

Several authors (Howell & Burnett, 1978; Jennings, Amabile, 8z Ross, 
1982; Kahneman & Tversky, 1982) have studied human probability as- 
sessment and have proposed taxonomies of the underlying cognitive 
mechanisms. We have argued earlier (Vlek & Hendrickx, 1988; Hen- 
drickx, Vlek, & Oppewal, 1989) that the proposed taxonomies overlap 
strongly and can be summarized by a threefold distinction: accident prob- 
ability assessments may be based on (a) relative frequency information, 
which refers to the outcomes of similar activities or situations in the past 
(“how often did accidents happen?“); (b) cognitive scenario information, 
which is any information that may aid the construction of images of pro- 
cesses that may lead to future accidents (“in which way(s) might acci- 
dents occur?“); or (c) knowledge about the stochastic parameters of the 
event-generating system, from which the relevant probabilities can be 
logically deduced. 

The latter strategy, however, is only applicable if the outcome- 
generating system is simple and well understood (e.g., a “fair” coin or a 
roulette wheel). Since the outcomes of realistic activities generally de- 
pend on highly complex processes with unknown stochastic parameters, 
accident probability judgments concerning such activities are either fre- 
quency- or scenario-based. 

In an earlier experiment (for details, see Hendrickx et al., 1989) we 
have presented subjects with descriptions of realistic risky-choice prob- 
lems into which systematically varied combinations of frequency and/or 
scenario information were inserted. It was found that subjects based their 
accident probability judgments on both types of risk information, but that 
available scenario information dominated available frequency informa- 
tion: variations in scenario information always affected the subjects’ risk 
judgments, whereas frequency information variations were mainly effec- 
tive when no scenario information was made available. Apparently, peo- 
ple heed scenario information more than frequency information. This 
conclusion, however, is based on research focusing on one particular type 
of risk, viz. those associated with “small-scale” personal activities. Ex- 
amples of such activities are driving a car or a bicycle, sports like skiing 
or mountain climbing, and do-it-yourself jobs involving the use of haz- 
ardous tools. Among other factors, such activities are characterized by a 
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relatively high degree of personal control: the activity’s outcomes de- 
pend-at least partially-upon the behavior of the potential victim(s). 

Large-scale technological activities, on the other hand, are highly com- 
plex activities requiring strict coordination of specialized technical, hu- 
man, and organizational resources. Examples of such activities are the 
production, storage, and transport of hazardous chemicals; different 
forms of energy production; and collective modes of transport. Due to 
their complex nature, the risks associated to these activities are-from 
the individual’s point of view-usually not controllable: the factors which 
determine the activity’s course and outcomes, such as technical reliabil- 
ity, other people’s (in)competence, or organizational factors, are beyond 
the control of individual potential victim(s). 

Since our earlier research exclusively concentrated on small-scale con- 
trollable risks, it is not clear whether the finding that scenario information 
dominates frequency information can be generalized to large-scale uncon- 
trollable risks. In fact, we expect that the apparent dominance of scenario 
information over frequency information may be typical for controllable 
risks and that people will be more sensitive to frequency information 
when the risks concern activities which are (perceived as) not personally 
controllable. The reason for this expectation is that scenario information 
may be used more effectively when the activity at hand is controllable. 

Recall that scenario information describes the way(s) in which future 
accidents might occur. If an activity is controllable, i.e., if the outcomes 
are (co)determined by the potential victim’s behavior, scenario informa- 
tion has a certain surplus value: it indicates the way(s) in which particular 
accident scenarios may be avoided. In other words, scenario information 
may offer clues for behavioral safety precautions. For instance, the 
knowledge that traflic accidents may be caused by drivers’ fatigue easily 
translates into a maxim for safer driving (“drive only when fit”). For 
uncontrollable activities, on the other hand, this aspect of scenario infor- 
mation is obviously irrelevant: uncontrollability means that outcomes do 
not depend on behavior; thus, behavioral precautions cannot be effective. 

This line of thought would explain why people are more sensitive to 
scenario information if the risk concerns an activity perceived as control- 
lable. But it would also predict that frequency information is more im- 
portant ifthe activity in question is perceived as uncontrollable. The main 
objective of the present experiment was to test the latter hypothesis. 

In our view, three different factors may affect perceived control. First, 
perceived control may depend on certain characteristics of the activity 
itself. Possibly relevant activity characteristics are indicated by Vlek and 
Stallen’s (1980, p. 294) distinction between “small-scale psycho- 
technical” and “large-scale socio-technical” systems. The risks associ- 
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ated with the former type of activity are psychologically characterized by 
voluntariness of exposure, controllability, imaginability of consequences, 
and a limited time horizon. The risks associated with large-scale systems 
are characterized by the opposites of these aspects. Vlek and Cvetkovich 
(1989, pp. 2-4) have elaborated this distinction and list seven psycholog- 
ically important differences between the two types of activity. The two 
characteristics of large-scale technologies which seem to underlie feelings 
of uncontrollability are their high complexity and the fact that such ac- 
tivities are understood, evaluated, and controlled by relatively few people 
whereas their consequences may affect many. 

Second, perceived control may also depend on one’s specific role in the 
activity. Active involvement in the activity’s undertaking may raise one’s 
perceived degree of control. Compare, for instance, an airplane’s pilot 
with its passengers, or a chemical plant operator with a neighboring res- 
ident. Passengers and neighbors are exposed to the activity’s risk but 
have little or no control over its course and outcomes. For pilots and 
operators, on the other hand, the activity may appear as (at least partially) 
controllable, since the activity’s course (also) depends on their own be- 
havior . 

And third, perceived control may depend on certain stable individual 
characteristics. The work of Rotter (1966) and his associates is highly 
relevant on this point. According to Rotter’s “theory of social learning” 
the individual’s past experiences of success and failure result in so-called 
“generalized expectancies.” Frequently experiencing that one’s own be- 
havior is ineffective will lead to the expectation that future successes or 
failures depend on external, uncontrollable factors (“external locus of 
control”). If, on the other hand, someone’s past experiences are domi- 
nated by examples of successful behavior, (s)he will develop an “internal 
locus of control”: events are perceived as resulting from internal, con- 
trollable factors (one’s own actions). According to Rotter, generalized 
expectancies regarding locus of control form a stable personality trait 
(Rotter, Seeman, & Liverant, 1962; Rotter, 1966). 

Combining these ideas about the determinants of perceived control 
with our general hypothesis that people’s sensitivity to different types of 
risk information depends on the degree of perceived control, yields three 
experimental hypotheses: (1) People will attach more importance to fre- 
quency information when the risk concerns a large-scale, personally un- 
controllable activity than when it concerns a small-scale, controllable 
one; (2) risk judgments and the use of risk information by people actively 
involved in (the control of) an activity will differ from those of potential 
victims who have no active role in its undertaking; (3) people with an 
external locus of control will be more sensitive to frequency information 
than people with an internal locus of control. 
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EXPERIMENT 

A similar “cover story” paradigm was used as in Hendrickx et al. 
(1989). Subjects were presented with descriptions of realistic risky choice 
problems, all referring to large-scale socio-technical systems instead of 
the small-scale psycho-technical systems studied previously. Short para- 
graphs with specific risk information were inserted into each description. 
Both the inserted risk information and the degree of personal control over 
the risky activities were systematically varied. For each risky activity 
subjects estimated the probability of a serious accident and decided upon 
its acceptability. All subjects filled out a locus of control questionnaire 
(for details on each of these points, see below). This enabled us (a) to 
study effects of variations in available risk information on the subjects’ 
risk judgments and risk-taking decisions concerning large-scale activities, 
and to compare them with the earlier results on small-scale activities; (b) 
to study effects of experimental variations in personal control on risk 
judgments and decisions, as well as possible interactions between the 
personal control and the risk information variables; and (c) to study in- 
dividual differences in risk assessments, risk-taking decisions, and sensi- 
tivity to risk information among subjects differing in locus of control. 

Method 

Stimuli. Sixteen realistic dichotomous decision problems (stimuli) were 
constructed, in which one had to decide whether to expose oneself to the 
risks of some large-scale activity. The risky alternative was always de- 
scribed as having certain advantages as well as a certain risk of accident. 
Choosing the safe option would imply that exposure to the risk was 
avoided, but also that the possible advantages were forfeited. Each stim- 
ulus referred to a different risky activity, but all had a similar structure. 
Table 1 lists the 16 risky activities used to construct the 16 decision 
problems. 

The first paragraph of each stimulus described the basic choice prob- 
lem. For stimulus 1 in Table 1 (Channel crossings by ferry boat), for 
instance, this part would read in the one of the experimental conditions 
(“low personal control,” see below):* 

You work as a customs ofticer in the Rotterdam harbor. You like your job but the 
salary is low. Recently, the Dutch Department of Foreign Affairs offered you a 
better paying job. You would be involved in the coordination between Dutch and 
foreign customs offtces. The work itself and the salary are appealing, but accepting 
the job would mean a lot of traveling, mainly between The Netherlands and Britain. 

* All stimulus text examples are translated from Dutch; complete original stimulus texts 
can be found in CaljC (1988). 
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You would have to cross the British Channel on a ferry boat frequently, probably 
about 4 times weekly. You have not made your decision yet. 

A few lines of risk information, containing both frequency and scenario 
information, were inserted into each choice problem description. For 
stimulus 1, for instance, the added risk information might read (in the 
“low availability, ” “low concreteness,” “low frequency,” and “low 
quality” condition, see below): 

A colleague who works as a safety inspector on a ferry line, recently told you about 
a number of ferry boat accidents. 

In one case a ferry sunk just after leaving the harbor. Later, it was found out that 
the loading doors had not been closed before sailing. Because the cargo was 
wrongly loaded, the entering sea water caused a fatal loss of balance. The ship 
capsized and sunk; 165 passengers died. 

In a popular magazine you have read that on the basis of accident data from three 
shipping firms, it was estimated that each year about 1 in every 250 freighters and 
passenger-ferries is involved in a serious accident. 

Independent variables and experimental design. The choice problem 
descriptions and the inserted risk information were systematically varied 
across five independent variables with two levels each, as follows. 

Variable 1: To manipulate the degree of personal control two ver- 
sions of each stimulus were constructed, differing only in the subject’s 
role in the proposed risky activity. In the “low control” condition, ac- 
cepting the risky option would imply a function in which one is exposed 
to the activity’s risks, without being actively involved in its undertaking 
(e.g., customs officer on a ferry boat, see the above example). In the 
“high control” condition, the described function would imply not only 
exposure to but also active participation in the risky activity (in the above 
example: captain of the ferry boat). The function contrasts used in the two 
versions of each stimulus are briefly indicated in Table 1. 

The added scenario information was varied in two respects which were 
used and found to be effective previously (see Hendrickx et al., 1989). 

Variable 2: Availability of accident scenarios was manipulated by 
varying the suggested number of ways in which the risky activity could 
result in an accident. In one condition (low availability) exactly one pos- 
sible accident scenario was described, whereas in the alternative condi- 
tion (high availability) three different possible accident scenarios were 
suggested. In the above example, the second paragraph (“In one case a 
ferry sunk . . . “) shows the added scenario information under low avail- 
ability; under high availability, two similar paragraphs were added, each 
describing a different accident scenario. 

Variable 3: Concreteness of scenario information was manipulated 
by contrasting a brief description of an accident scenario, in which only 
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TABLE 1 
SIXTEEN LARGE-SCALE RISKY ACTIVITIES USED FOR PAIRING WITH “SAFER” 

ALTERNATIVE TO CONSTITUTE CHOICE PROBLEMS 

(1) crossing the British Channel by ferry boat frequently [as: ferry boat 
captain/customs officer] 

(2) working on high speed trains [as: train driver/conductor] 
(3) working on commercial airplanes [as: pilot/steward] 
(4) working on touring-coaches [as: coach driver/tour guide] 
(5) living near a plant that produces explosives [as the plant’s: technical 

manager/personnel manager] 
(6) working in a plant that produces toxic chemicals [as: technical 

supervisor/personnel manager] 
(7) working on trains transporting hazardous chemicals [as: train driver/cargo 

administrator] 
(8) working on trucks transporting hazardous chemicals [as: truck driver/ 

administrative assistant] 
(9) working in a harbor, transshipping hazardous chemicals [as: crane driver/cargo 

administrator] 
(10) working on an oil tanker [as: first officer/cook] 
(11) living near a petrochemical refinery [as the plant’s: safety engineer/personnel 

manager] 
(12) living near a large storage center for petrochemical products [as the center’s: 

safety inspector/administrator] 
(13) working at a distribution station for liquefied petroleum gas [as: technical 

manager/financial manager] 
(14) working in a nuclear power plant [as: safety engineer/head of security] 
(15) living near a stowage dam [as: the dam’s technical supervisor/a resident] 
(16) working in a coal mine [as: safety supervisor/miner] 

Note. The function contrasts used in the two personal control versions of each stimulus 
are briefly indicated between brackets, as follows: [as: high control functionilow control 
function]. 

the main causes (“doors not closed; cargo loaded wrongly”) and final 
result (“ship sunk; 165 people died”) are mentioned, with a much more 
lively and detailed description of the same scenario. The scenario descrip- 
tions in high concreteness stimuli were more detailed, but did not contain 
any essential additional information. Under high concreteness, for in- 
stance, the second paragraph in the above example would be replaced by: 

In one case a ferry sunk just after it had left the harbor. Later, it was found what 
had caused the disaster: because of a headache the loading deck offtcer had gone 
to his room early. Thus, he failed to notice that the loading doors had not been 
closed before sailing. Entering sea water caused a slight loss of balance. The ship 
did not regain its balance as it normally would have, because the cargo had been 
loaded wrongly: heavy trucks had been parked on the upper loading decks. When 
the cargo suddenly started to shift, the ship immediately capsized. Many passen- 
gers got disoriented or hurt by the sudden movement and were not able to swim out 
of the ship. The tragedy resulted in the death of 165 passengers. 
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The inserted frequency information was also manipulated on two vari- 
ables used previously. 

Variable 4: Accident frequency refers to the reported number of past 
accidents: in the high frequency condition the reported annual accident 
frequency was 10 times higher than in the low frequency condition. To 
avoid suspicion on the subjects’ part, for each stimulus slightly different 
frequency values were used, but the ratio between the high and the low 
values was always 10 (e.g., l/30 versus l/300, 4/100 versus 40000, etc.). 

Variable 5: Quality of frequency information was operationalized as 
follows: in the high quality condition the accident frequency estimation 
was described as originating from a highly credible source, as statistically 
reliable (i.e., based upon a large number of past observations), and as 
highly valid (i.e., the set of past observations to which the information 
refers and the situation at hand are very similar). In the low quality 
condition the quoted information source was less credible, the number of 
past observations was considerably lower, and the reference class to 
which the frequency information referred was much broader. To illus- 
trate, consider once again stimulus 1. In the high quality (and high fre- 
quency) condition, the added frequency information would read: 

In the British Journal of Maritime Transport you have read that, based on all 
accident data from the last 40 years, it was estimated that each year about 1 in 
every 25 passenger ferries is involved in a serious accident. 

The italicized passages are critical with regard to the information source 
(“British Journal . . .” ) the statistical reliability (“all accident data 
. . . “), and the validity (“passenger ferries”). Under low quality, the 
italicized phrases were replaced by “a popular magazine” (less credible 
source), “accident data from three shipping firms” (lower statistical re- 
liability), and “freighters and passenger ferries” (lower validity), respec- 
tively . 

To sum up: the choice problem descriptions were systematically varied 
across five independent variables, with two levels each: 

1. the degree of personal control over the risky activity (high/low); 
2. the availability of accident scenarios (high/low); 
3. the concreteness of the suggested scenarios (highflow); 
4. the reported accident frequency (highflow); 
5. the quality of the frequency information (highflow). 

Subjects were randomly and equally assigned to one of the two per- 
sonal control groups (variable 1): one group received all 16 choice prob- 
lems in a low control version; the other subjects read the high control 
version of each stimulus. Within both groups, each subject was presented 
with a specific sequence of 16 different stimuli, each in a different risk 
information condition (or combination of variables 2 through 5). For the 
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within-group design a three times replicated Greco-Latin square design of 
subjects, stimuli, order positions, and risk information conditions was 
used. 

Subjects. Ninety-six paid volunteers, mainly university students, par- 
ticipated as subjects. Each subject was randomly assigned to one of the 
personal control groups (48 subjects per group), and to a specific subject 
number in the Greco-Latin square design for each group. 

Procedure and response variables. All instructions, stimuli, response 
sheets, and questionnaires were presented in writing. Subjects worked 
individually and at their own pace. Stimulus booklets were prepared for 
each subject, presenting him or her with a specific sequence of the 16 
choice problems. Subsequently, and for each item separately, the subject 
was asked to study the problem carefully and to state whether (s)he would 
decide to choose the risky option (in the above example: accepting the 
new job). After all items had thus been read and decided upon, the subject 
was asked to rank order the 16 risky activities according to the assessed 
accident probability. Accident probability was defined for subjects as the 
probability that undertaking the risky activity would result in a serious 
accident (“necessitating at least medical care”) within a half-year period. 
In a separate and subsequent task, subjects were then asked to assess the 
(identically defined) accident probabilities of the 16 activities once again, 
but now a direct numerical elicitation technique was used (a logarithmic 
scale with anchor points at the values 1, lo-‘, 10e2, 10W3, 10M4, 10-5, 
and 10e6). Finally, all subjects filled in a postexperimental questionnaire, 
designed to obtain information on a number of possibly relevant individ- 
ual characteristics, such as sex, age, and personal (accident) experience 
with each of the 16 risky activities. The questionnaire also contained the 
I/E-18 scale, a Dutch 18-item version of Rotter’s original “locus of con- 
trol” scale (for details on the I/E-18, see Andriessen & Van Cadsand, 
1983). 

Analysis. Effects of the experimental manipulations on the subjects’ 
risky decisions, a dichotomous response variable, were analyzed and 
tested by means of logit models. Effects on the accident probability rank- 
ings, a 16-point ordinal scale, were tested by means of log-linear models, 
as well as ANOVA. Effects on the numeric accident probability assess- 
ments, an interval scale, were tested by means of ANOVA. 

3 Logit and log-linear model techniques are especially suited to the analysis of nominal or 
ordinal data sets. Performing a Iogit or log-linear model analysis means that after a logistic 
or logarithmic transformation, the observed data (a multidimensional contingency table) are 
fitted to a number of linear models. By comparing the fit of different models the feasibility 
of removing specific parameters (i.e., the null-hypothesis) can be tested. For details see, 
e.g., Fienberg (1980). For nominal or ordinal data logit or log-linear model analysis is 
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RESULTS 

Some General Findings 

Aggregation of data across all subjects, stimuli, and experimental con- 
ditions revealed that subjects decided in favor of the risky alternative in 
53.8% of the cases. The overall mean of the numerical accident probabil- 
ity assessments was 0.6 x 10V3. For the accident probability ranks ag- 
gregation across subjects yields a constant value of 8.5 and is therefore 
meaningless. Comparison of the ranked and the numerical accident prob- 
ability assessments across stimuli revealed only moderately high rank 
correlations: Kendall’s T per subject varied between 0.19 and 0.91, with a 
mean of 0.61, which is disappointingly low. Another conspicuous-and 
possibly related-finding was the existence of large inter-individual differ- 
ences with regard to the numerical accident probabilities: even after these 
assessments were averaged across stimuli, differences among individual 
subjects remained very large (up to a factor 1000). We will come back to 
this point in the discussion. 

As expected, accident probability judgments and risky decisions cor- 
related negatively: aggregated across subjects, stimuli, and conditions, 
the point-biserial correlation between the accident probability rankings 
and the risky decisions was -0.54, indicating that subjects were less 
inclined to undertake a risky activity when its accident probability was 
judged higher. 

Analysis of the main effects of the Greco-Latin square variables within 
both personal control groups revealed: (a) that the order position of a 
stimulus had no systematic effect on the subjects’ responses, (b) that 
individual subjects differed with regard to both the number of risky de- 
cisions and the height of numerical accident probability assessments (see 
above), and (c) that the various risky activities in the stimulus set sys- 
tematically differed with regard to the frequency of risky decisions and 
the height of accident probability judgments: ferry boats, high speed 
trains, airplanes, and stowage dams (numbers 1, 2, 3, and 15 in Table 1) 
were judged to be relatively safe, whereas road transport of hazardous 
chemicals, nuclear power plants, and coal mines (numbers 8, 14, and 16) 
received high average accident probability assessments. 

generally preferable to ANOVA. With regard to the accident probability rankings, however, 
applying log-linear model analysis may be questionable: the large number of cells in multi- 
dimensional contingency tables containing the M-point scale would result in critically low 
expected cell frequencies. Therefore we applied both techniques in this particular case. 
Since log-linear model analysis and ANOVA yielded identical conclusions throughout, for 
the sake of brevity only ANOVA results will be reported. 
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Analysis of the postexperimental questionnaire data revealed that per- 
sonal experience with a particular activity resulted in lower accident 
probability judgments and a greater number of decisions in favor of the 
risky option. To illustrate: when a subject reported to have had some 
experience with a particular risky activity (for instance: “traveled by 
airplane or ferry boat, ” “lived near a hazardous facility or transport 
route”), (s)he decided in favor of the risky option in 68.1% (243) of the 
(357) cases. For the 1179 cases in which subjects did not report having 
experience, the percentage of risky decisions was only 49.4%. The dif- 
ference is highly significant (x’(l) = 38.2, p < JOI). 

Effects of Experimental Variations 

Both log-linear model analysis and ANOVA (see footnote 3) of the 
accident probability rankings revealed significant main effects of the re- 
ported accident frequency, scenario availability, and scenario concrete- 
ness (variables 2, 3, and 4). These effects are illustrated in Table 2. The 
overall mean of the accident probability ranks is 8.5; lower scores stand 
for a lower accident probability. 

Table 2 shows that the effect of the accident frequency manipulation 
was considerable (3.30 rank points) and in the expected direction: high 
accident frequencies resulted in higher risk judgments. The difference is 
highly significant (F(1,1504) = 227.1, p < .OOl). The two scenario infor- 
mation manipulations (availability and concreteness) resulted in smaller, 
but also statistically significant, differences (availability: F( 1,1504) = 4.9, 
p < .05; concreteness: F(1,1504) = 7.7, p < .Ol) in the expected direction 
(high availability and high concreteness both yield higher risk judgments). 
The quality of the available frequency information (variable 5) did not 
affect the accident probability assessments: one would expect to find a 
larger frequency effect when the information quality is high than when it 
is low. The corresponding interaction term was statistically insignificant 
(p = .81): the frequency effect did not differ under the two quality con- 
ditions. All other interactions were also insignificant, except one: control 
x concreteness x frequency (F(1,1504) = 5.3, p < .05). Inspection of this 

TABLE 2 
MEAN ACCIDENT PROBABILITY RANKS AS A FUNCTION OF REPORTED ACCIDENT 

FREQUENCY, SCENARIO CONCRETENESS, AND SCENARIO AVAILABILITY 

Accident Scenario 
frequency concreteness 

Low High Low High 

Scenario 
availability 

Low High 

Accident 
probability rank 6.85 10.15 8.20 8.80 8.26 8.74 
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second-order interaction reveals a complex pattern that we found hard to 
interpret meaningfully. Considering the large number of statistical tests in 
an orthogonal five-factor design (over 30), an effect significant at the .05 
level may simply be a Type I error. 

Whether the personal control variation (variable 1) did affect the sub- 
jects’ accident probability judgments cannot be decided on the basis of 
the ranking data: control was a between-group variable and aggregation 
across subjects is meaningless for rank scores. An ANOVA on the nu- 
merical accident probability assessments did not reveal a significant con- 
trol main effect (p = .34). The mean accident probability assessments in 
the two control groups differed only marginally: 0.60 x 10e3 for high 
control, versus 0.52 x 10d3 for low control subjects. The effects of the 
other experimental manipulations (variables 2-5, see above) on the nu- 
merical probability assessments were similar in direction to the ranking 
data results, but statistically less convincing: only the frequency main 
effect reached statistical significance. The general finding that effects on 
the numerical assessments were similar in pattern to those on the ranking 
data, but statistically less convincing, probably has to do with the exis- 
tence of large individual differences with regard to the numerical proba- 
bility assessments (see above). These contribute heavily to the error vari- 
ance. 

The effects of the experimental variations on the frequency of subjects’ 
risky decisions were similar to those on accident probability assessments. 
This is no surprise in the light of the -0.54 correlation between these 
dependent variables (see above). Logit model analysis of the decision 
data revealed significant main effects of both frequency (x*(l) = 17.6, p 
-=z .OOl) and concreteness (x*(l) = 4.2, p < .05). Under low frequency, 
subjects decided in favor of the risky option in 59.1% of the cases; under 
high frequency the corresponding percentage was only 48.4%. The sce- 
nario concreteness effect was smaller: the mean percentage of risky de- 
cisions was 51.2% under high concreteness and 56.4% under low con- 
creteness. Manipulation of scenario availability and of personal control 
both resulted in differences in the expected direction (54.7% versus 52.9% 
risky decisions for low versus high availability; 52.2% versus 55.3% risky 
decisions for low versus high control), but neither these nor any interac- 
tion effect was statistically significant. 

Internal versus External Locus of Control 

Analysis of the YE-18 data (the locus of control scale, see above) re- 
vealed that the scale’s reliability was high (Cronbach’s cx = 0.81). Indi- 
vidual YE-18 scores were used to distinguish two subgroups of 24 subjects 
each: subjects with upper and lower quartile I/E-18 scores are further 
referred to as “externals” and “internals,” respectively. All data were 
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reanalyzed for these subgroups of subjects. The reader should be aware 
that the internals/externals distribution of subjects cuts across the manip- 
ulated personal control variable; the results to be reported, therefore, 
may be somewhat contaminated by (nonsignificantly proven) effects of 
different subject roles in the wording of the stimulus activities (see Ta- 
ble 1). 

On average, internals gave lower accident probability judgments and 
decided more often in favor of the risky option than externals: the mean 
numerical accident probability assessment of internals was 0.29 x 10P3; 
their mean percentage of risky decisions was 58.1%. Externals assigned 
numerical accident probabilities that were, on average, more than twice 
as high (0.83 x 10W3) and chose the risky option only in 50.0% of the 
cases. Both differences are statistically significant (F(1,705) = 13.2, p < 
.OOl; x*(l) = 5.04, p < .05). Also, it was found that the inserted risk 
information has had different effects for the two groups. This is illustrated 
in Fig. 1, which shows the effects of manipulating the reported accident 
frequency (left panel) the concreteness of the suggested scenarios (middle 
panel), and the availability of scenarios (right panel) on the risky decisions 
of internals and externals, respectively. 

Note that-except for one point-in each of the panels the line repre- 
senting internals lies clearly above the line representing externals. This 
reflects the general tendency of internals to choose the risky option more 
often. The left panel of Fig. 1 shows that the frequency manipulation had 
a relatively strong effect on the decisions of externals (58.9% versus 
41.1% risky decisions under low versus high frequency), but hardly af- 
fected the decisions of internals (58.9% versus 57.3% risky decisions, 
respectively). Logit model analysis revealed that the interaction between 
frequency and I/E groups is statistically significant (x’(l) = 5.0, p < .05). 

concreteness availability 
%-r&y decisions %-risky ddsions 

70, 7 7oy----, 

FIG. 1. Effects of reported accident frequency, scenario concreteness, and scenario avail- 
ability on risky decisions, for subjects with an internal or external locus of control. 
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Apparently, externals were sensitive to the available frequency informa- 
tion, while internals almost completely ignored it. The middle panel of 
Fig. 1 suggests that the concreteness manipulation only affected the ex- 
ternals’ decisions, but the corresponding interaction term (concreteness 
x I/E group) is not statistically significant (p = .60). The right panel 
seems to indicate that the availability manipulation mainly affected the 
decisions of internals, but the corresponding interaction term (availability 
X I/E group) is also insignificant (p = S2). 

DISCUSSION 

The experimental results revealed that both frequency and scenario 
information variations significantly influenced the subjects’ accident 
probability assessments and-to a corresponding degree-their risk- 
taking decisions. Apparently, subjects based their evaluations of the risk- 
iness of large-scale, personally uncontrollable activities on both types of 
risk information. With regard to frequency information it was found that 
subjects are sensitive to variations in the reported number of past acci- 
dents, but that they ignored the quality of this information. With regard to 
scenario information it was found that increases in both the availability of 
accident scenarios and the amount of detail in the available scenarios 
yielded higher accident probability ranks and fewer risk-taking decisions. 
These findings agree with the earlier results on small-scale, controllable 
risks (Hendrickx et al., 1989). Two other findings that proved to be robust 
across different types of risky activity are: (a) risk-taking decisions cor- 
relate moderately high with accident probability ranks; the correlation 
was -0.54 for large-scale risks (see above), for small-scale risks the 
corresponding value was - 0.52; (b) personal experience with a particular 
activity tends to lower accident probability judgments and to raise the 
tendency to undertake the activity. 

The frequency and scenario information effects upon the evaluation of 
small- and large-scale risks were qualitatively similar, but inspection of 
the effect sizes in the present experiment and in Hendrickx et al. (1989) 
reveals interesting differences. 

Before discussing these differences, however, a caveat is necessary. 
The effect of a particular factor depends not only on the factor’s subjec- 
tive importance but also on the particular values chosen by the experi- 
menter. The diagnosticity and effectiveness of risk information may de- 
pend on subtle cues in the exact wording of the presented information. 
Since the risk information used in our experiments was not explicitly 
scaled for diagnosticity, we cannot exclude the possibility that the ob- 
tained effect sizes would have been different if we had used different 
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values c.q. wordings in the inserted risk information. As a consequence, 
effect size comparisons have to be treated with some caution.4 This is 
particularly so for across-factor comparisons, which cannot be inter- 
preted meaningfully (e.g., we may not conclude from the data in Table 2 
that in general “accident frequency” is three times more important than 
“scenario availability”). However, since all information variables- 
except one, see below-were operationalized identically across both sets 
of choice problems, within-factor comparisons across experiments are 
meaningful. 

Figure 2 shows the effects of the frequency and concreteness manipu- 
lations on the accident probability rankings in the present experiment on 
large-scale risks and the earlier one on small-scale risks (Hendrickx et al., 
1989). Both variables were operationalized identically in the two studies 
and in both studies the probability rank ordering task pertained to 16 
activities. The availability manipulation differed slightly across the two 
studies; therefore its effects cannot be compared directly. 

Figure 2 shows that manipulation of the reported accident frequency 
has had a much larger effect on the subjects’ risk assessments concerning 
large-scale activities than on those concerning small-scale ones: the fre- 
quency effect is more than three times larger for large-scale risks (6.85 
versus 10.15) than for small-scale ones (8.05 versus 8.95). The effect of 
manipulating scenario concreteness, on the other hand, did not differ 
greatly in the two experiments; the concreteness effect was somewhat 
smaller for large-scale risk (8.20 versus 8.80) than for small-scale ones 
(8.03 versus 8.97) but the difference is small and statistically insignifi- 
cant.5 These results are in accordance with hypothesis 1: subjects are 
sensitive to variations in available frequency and scenario information for 
both types of risky activities, but the role of frequency information is 

4 A possible solution to this problem would have been to scale and equate the diagnos- 
ticity of the different information types a priori, but this would have obscured the very 
effects we wished to study. Another solution would have been to use functional measure- 
ment techniques allowing the separation of scaling and weighting effects (see, e.g., Norman, 
1976). However, no scaling technique can solve the more fundamental problem at the core 
of the above difficulty: particularly with regard to scenario-based risk judgment, our knowl- 
edge of the underlying cognitive mechanisms is still rudimentary. We are not able to identify 
or sutIiciently demarcate the set of (con)textual factors that should be considered during 
stimulus construction and scaling (for a tentative list of such factors, see Her&i&x er al., 
1989). Thus, at the present state of theory scaling and calibrating scenario information would 
be a very laborious (though useful) exercise, guided mainly by trial and error. 

5 That the concreteness effect obtained in the present experiment is somewhat smaller 
than the one obtained previously may be related to the complementariness of multiple 
effects on rank order data. The increase of the frequency effect will slightly reduce the 
maximum possible effect size of other variables. 
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FIG. 2. Effects of reported accident frequency and scenario concreteness on accident 
probability ranks for small-scale and large-scale risky activities. 

more prominent when the risks concern large-scale, uncontrollable activ- 
ities. 

Hypothesis 2, on the other hand, which predicted differences in risk 
evaluation and use of risk information depending on whether one’s role in 
the risky activity is active or passive, was not confirmed. The control 
manipulation did not significantly affect the subjects’ accident probability 
assessments, their risk-taking decisions, or their use of risk information. 
The complete absence of control effects may be explained in several 
ways. One is that our general thesis-i.e., risk judgments and use of risk 
information depend on the degree of perceived control-is wrong. How- 
ever, the empirical support for hypotheses 1 (see above) and 3 (see be- 
low), which were based upon the very same thesis, seems to argue against 
this explanation. Other possible explanations for the absence of control 
effects pertain to the particular manipulation of personal control used in 
this study: (a) the relation between perceived personal control and one’s 
role in the activity may be much weaker than we assumed, (b) the par- 
ticular role contrasts used may not have been salient enough to subjects 
to induce differences in perceived control, or (c) apart from differences in 
perceived control, the role contrast used in the study may have induced 
differences in other risk relevant factors; for instance, in stimulus 1 (ferry 
boat crossings) subjects may have felt that a captain is more at risk than 
a passenger (“captains are supposed to go down with the ship”); or in 
stimulus 2 (high speed trains) subjects may have felt that train drivers are 
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more at risk than conductors due to their location in the train (“in a 
head-on collision the driver will certainly die, but a conductor may live”). 
For some of the stimuli the control manipulation may have been con- 
founded with other, counteracting factors, such as the physical distance 
to the source or the location of possible accidents, but the available data 
do not allow a clear conclusion on this point. 

Hypothesis 3 referred to individual differences in risk evaluation and 
use of risk information between subjects with an external and those with 
an internal locus of control. The results clearly support the hypothesis: 
internally oriented subjects were found to report lower probability judg- 
ments and to decide more often in favor of the risky option than externally 
oriented subjects, and the two subgroups seem to differ in sensitivity to 
frequency information. In accordance with our expectation, externals 
were revealed to be sensitive to the available frequency information, 
while internals appeared to ignore frequency information completely. 

Theoretically, the experimental findings enable us to describe, more 
precisely than before (Hendrickx et al., 1989), the role of different types 
of risk information in human risk judgment and risky decision making. On 
the one hand, the experiments revealed that subjects base risk judgments 
and decisions concerning a variety of risky activities on both frequency 
and scenario information. On the other hand, it was found that the relative 
importance of frequency and scenario information may differ, both across 
different types of risky activities and among different kinds of individuals. 

With regard to the first factor, the-admittedly somewhat crude- 
distinction between large-scale technologies and small-scale personal ac- 
tivities was found to be useful. With regard to the second, individual 
differences, Rotter’s locus of control concept appears to be relevant. The 
most conspicuous common element in these two factors is that they both 
affect the perceived degree of personal control. Thus, theoretically par- 
simony would favor an interpretation of the experimental results in terms 
of the latter variable. The relative importance of the two basic types of 
risk information depends on the degree to which the risky activity is 
perceived as personally controllable: for controllable risks available sce- 
nario information dominates available frequency information, but for un- 
controllable risks the role of the latter is more prominent. This interpre- 
tation also tits almost naturally into the two-dimensional taxonomy of 
uncertainty proposed earlier (see Vlek & Hendrickx, 1988; Hendrickx et 
al., 1989). 

The unsuccessfulness of our attempt to demonstrate the importance of 
perceived control for risk judgments and use of risk information more 
directly-by means of the control manipulation-does not necessarily 
contradict the above interpretation; as discussed above, the absence of 
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control effects may have been due to difficulties in the specific operation- 
alization chosen. It is clear, however, that a direct test of the supposed 
relation between perceived control, risk information, risk judgment, and 
risk-taking decisions would strengthen our theoretical position consider- 
ably. Such a test is currently being carried out. Also, it might be worth- 
while to perform studies aimed at describing the relation between differ- 
ent risk information variables more quantitatively. The cover story par- 
adigm might be used, for instance, to scale, calibrate, and compare the 
effectiveness of different scenario information variables (see also foot- 
note 4). 

From a methodological point of view, a conspicuous finding was the 
low correlation between the ranked and the numerical probability assess- 
ments. There are indications that the low correlation has mainly been 
caused by fluctuations in the numerical assessments: during debriefing, 
many subjects-often spontaneously-described the numerical assess- 
ment task as being “very difficult.” The reason that the numerical elici- 
tation technique troubled subjects may be either the fact that we used a 
logarithmic rating scale or-more likely-the fact that people simply find 
it difficult to assign numbers to very small probabilities. However, if 
numerical assessments are required a procedural improvement might be 
to combine the two elicitation techniques: have subjects rank order the 
alternatives first, and then ask them to assign a numerical judgment to 
each alternative, while using the rankings. In that case a correlation 
would no longer be meaningful, but the quality of the numerical assess- 
ments might improve (cf. Selvidge, 1975). 

The results of our study may also have practical implications, for in- 
stance, for the designers of risk communication and safety information 
campaigns. The finding that sensitivity to specific risk information may 
vary across risky activities and (specific groups of) individuals underlines 
the necessity of a “marketing approach to risk communication” (see, 
e.g., Cvetkovich, Vlek, & Earle, 1989): “Designers of hazard communi- 
cation programs should attempt to fit their approach and their specific 
messages to the various audiences that may be meaningfully distin- 
guished” (p. 270). The results of our study offer some handles to tackle 
this-still somewhat broad-problem agenda. For instance, they indicate 
that information campaigns about small-scale controllable activities (e.g., 
traffic safety campaigns, or sport or work injury prevention programs) 
should preferably aim at scenario-based risk judgment: information that 
makes cognitive accident scenarios more easily available and/or more 
concrete should be supplied. For campaigns about large-scale, uncontrol- 
lable risks (e.g., technological hazard information programs), on the other 
hand, supplying frequency information may be more effective. 
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