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performances (behavioural feedback) in a job. Such a promotion to a higher
salary will not only cause an upward shift in adaptation level but also
an upward shift in level of aspiration. In the case of income as the scale
satiation may occur, but a saturation level will hardly exist; for scales
of a more biological nature, like food or temperature, a saturation level
is quite feasible. The logarithmic nature of the perceived scale implies
that an amount of reduction of salary (objective scale value) has more
negative incentive value than the positive incentive values for the same
amount of rise in salary; moreover, it implies that effects of salary
changes with the same objective amount are less for higher salaries. The
general concepts and dynamics of this frame of reference for behaviour can
be applied to risk behaviour in traffic, since risk behaviour in traffic
is based on the same processes of perception, learning, cognition,
judgment, choice and motivation.

2. Frame of reference theory of risk in traffic

We may think of an objective and related subjective scale of risk based on
cues or features in traffic associated with high frequencies of conflicts,
accidents and casualties. The picture of Figure 1 can be seen as a sketch
of such a risk scale, provided a risk scale exists for which the
aspiration level can be conceived to be higher than momentary risk. Higher
risks in traffic are associated with more arousal and higher speeds. In
psychological theory the maintenance of a level of arousal has been
hypothesized and demonstrated (Berlyne, 1960), while higher speed shortens
travel time and therefore has positive utility. As a matter of fact
Wilde’s theory of risk homeostasis (Wilde, 1982a, 1982b) is based on these
notions. A rather high arousal level has negative incentive value
(Broadbent, 1971), which is explained by the neurophysiological nature of
the saturation level of arousal. Human abilities in traffic are able to
produce more and less arousal to nearly any degree. The control over
arousal by response produced stimulation in traffic therefore is assumed
to be complete. This would lead to a behaviour that brings the level of
risk to the aspiration level. By lagged adaptation this would shift the
adaptation level also towards that level. In turn an accompanying shift of
level of aspiration occurs. Since these shifts are bounded by the
physiological nature of the saturation level of arousal, this would give
rise to the maintenance of an optimal target level of risk at the level of
saturation in the end. The end result would be negative incentive values
above and below the merging reference levels for behavioural adjustments.
Figure 2 illustrates this hypothetical evaluation of risk in traffic.
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Figure 2. Graph of risk behaviour based on arousal
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This unidimensional optimization of risk in traffic is also the hard core
of Wilde's theory of risk homeostasis. We denote the above risk
interpretation as the arousal dimension of risk or risk-approach
dimension, since generally this would lead to higher risk in traffic than
human abilities to behave safe can achieve.

There is, however, also an other interpretation of risk associated with
fear and social responsibility. Here the objective risk scale is
associated with perception of danger, the probability of accidents and
possible negative outcomes of accidents for oneself and others. The level
of aspiration on this risk scale is certainly located below the adaptation
level, which reverses the outlook of the picture without changing the
basic concepts and system dynamics. In Figure 3 we picture the
corresponding graphical relations.
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Figure 3. Scale and incentive values for fear of risk

In this presentation positive incentive values are obtained below
adaptation level. Probably no saturation level exists beyond which
negative incentive values are obtained, but shifts in level of aspiration
are bounded by zero risk. Increasing negative incentive values are
associated with higher scale values of risk. On such a dimension Fuller’s
threat-avoidance conceptualization of driving behaviour (Fuller, 1984) is
in fact based. The control of danger approach of Hale and Glendon (1987)
relates to the same dimension. If fear for risk would be the only
operative dimension in risk behaviour, road users will behave as safe as
possible. A downward shift in adaptation level accompanied by a probably
somewhat smaller shift in level of aspiration would be the result of safer
behaviour. However, behavioural feedback does not assure complete control
over risk stimulation from the traffic environment. So, although downward
shifts of levels by safer behaviour may occur, the distance between levels
of adaptation and aspiration is not reduced to zero, unless zero risk
becomes an aspect of one’s traffic environment. We denote this risk
hypothesis as the fear dimension of risk or risk-avoidance dimension.

Our frame of reference theory of risk in traffic states that risk in
traffic can be explained by a combination of the arousal and fear
dimension of risk. If we assume symmetry of curves around adaptation level
and equal weights for fear and arousal, we obtain the resulting curve
presented in Figure 4.
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level of stimulation and the assumption that effects of stimulation are
formed by a spatiotemporal configuration in which sequence order
prevails. Utmost relevant to our frame of reference theory of risk is the
evidence Helson (1964) gathered from many studies that subliminal stimuli
influence adaptation 1level as well, albeit with less effect than
supraliminal stimuli. The effect of such subliminal changes in risk will
depend on the frequency of stimulation and their integration over time
according to Bloch's 1law (Bloch, 1885; Di Lolo, 1980). Continuing
unperceivable changes in risk, therefore, will have an effect on
adaptation level of risk in the long run. Consequently, modify the zero-
risk conception of Niitinen and Summala (1976); a mean change in level of
low risks may be subliminal, but changes in low risk stimulation on the
long run will have effects.

Adaptation-level theory has been very useful in the study of psycho-
physical judgment, perception, learning, cognition and motivation (Helson,
1964; Appley, 1971).

Bevan and Gaylord (1978) showed that adaptation to perceptive stimulation
must be the source for explanation for adaptation-level effects and not
judgmental responses. Relevant for traffic behaviour is the older work of
Bevan and students (Bevan et al. 1967; Hardesty & Bevan, 1965) on
vigilance as modelled by adaptation-level theory for expectancy and
arousal. Restle (1978) ingeniously showed how relativity and organization
of visual judgment can be explained by adaptation-level theory.

Hilgard and Bower (1966) in chapters 14 and 15 of their classical book
‘Theories of Learning’ conclude that adaptation-level theory - ...
implies a relativistic view of reinforcement ... is a conception tha
makes contact also with the economists’ notion of utility and even more
obviously with the cognitive theorists’ notion of expectancy. The effect
on behavior of a given outcome is seen as dependent upon its relation to
an internal norm derived via a pooling process from series of prior
outcomes encountered in a given situation (p. 418) ... may be applied to
both positive and negative reinforcement (p. 518) ... nicely integrates
parts of the ’‘relational’ and ’‘specific’ stimulus theories (p. 527)".
Adaptation-level theory also coincides with habituation in motivation
theory (Nuttin, 1980; Berlyne & Madsen, 1973). McClelland and Clark
(McClelland et al., 1953) have formulated an adaptation-level theory of
motivation. Anderson’s theory of attitude change as integration of
existing and new information (Anderson, 198l) is a multidimensional
adaptation-level theory. Adaptation-level theory in the study of affective
values is reviewed by Helson (1973). The relevance of adaptation-level
theory for societal values has been discussed by Brickman and Campbell
(1971).

In studies on choice and risk or judgment under uncertainty the concepts
of adaptation level and level of aspiration are often undistinguished
(Siegel, 1957, Payne et al., 1980; Hogarth, 1987) . Two types of bias
from heuristics for judgment under uncertainty (Kahneman et al., 1982)
e.g. bias by anchoring and adjustments and bias by availability, however,
are in fact phenomena explained by adaptation-level theory. The prospect
theory of Kahneman and Tversky (1979) and its extension in the ambiguity
theory of Einhom and Hogarth (1985) of decision making under uncertainty
are based on identical concepts as adaptation-level theory. Hogarth (1987)
formulates (p. 99-101): - "First, people are assumed to encode outcomes as
deviations from a reference point ... The second characteristic is that
people are more sensitive to differences between outcomes the closer they
are to the reference point ... The third characteristic of the value
function is that it is steeper for losses than for gains ... People are
assumed to assess ambiguous probabilities by first anchoring on some value
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- direction and distance of level of aspiration with respect to
adaptation level (the goal-setting aspects).

In these formalized theories of motivation, however, the distance aspect

is 1less mentioned; thereby implicitly sustaining the redundancy of

distances and weights in our theory. (In our mathematical theory

(Koornstra, 1989b) distances of the levels of aspiration with respect to

adaptation level are reciprocally related to weights.)

The first way of changing risk behaviour by actually changing the risk
stimulation is discussed before.

The second way of changing weights may be obtained by methods directly
aimed at the formation of weights, such as exposure to new information
(Anderson, 1981, 1982), other instruction methods (affect and mastery
oriented education) and socially induced changes in attitude (McGuirie,
1985). Safety measures, however, also can influence the differential
weighting directly, and thereby reinforce or mitigate their actual safety
benefits. New devices for the active safety of cars for example may
enhance the estimation of the skills of the driver-car unit, which may
lead to 1less weight for the fear dimension of risk. Since weight
reduction for the fear dimension may shift the tolerance region more
upward than the downward shift of the ceteris-paribus effect of the new
device, an actual increase in accident rate can be obtained. We believe
that the reported effects of safety measures with perverse consequences
(Evans, 1985) are not so much based on compensatory feedback as on
anticipatory changed weights resulting in an upward shift of the risk-
tolerance region. In contrast measures which stress the fear dimension or
relaxes the arousal dimension or both will as such enhance road safety
more than the possible ceteris-paribus effect of the measures would
predict. Measures with reversed effects on the dimensional weights will
show partial or even adverse safety results. One can easily think of an 'a
priori’ evaluation of measures with respect to weight effects; porous
asphalt for example will increase the need for arousal and decrease fear
on wet roads and the application of rib-reflex road marking will do the
reverse.

A third way of inducing downward shifts in tolerance region, which is
conceptually independent, is obtained by a relative decrease in the
amplitude of incentive for arousal with respect to the amplitude of
incentive for fear. These types of measures are the utility influencing
measures suggested by Wilde (1982a, 1982b) and in Wilde’'s view they are
the only effective type of measures.

The last conceptually independent way of changing the risk-tolerance
region would be a change in location of underlying aspiration levels of
fear and arousal relative to adaptation level. This would lead us into the
area of the formation and change of the location of achievement targets of
individuals on motivation associated scale dimensions. In achievement
motivation (Dweck & Elliot, 1983) goal setting is shown to be dependent on
(changes in) skills and estimation of competence in relation to the
estimated difficulty of tasks. In the project theory of motivation of
Nuttin (1980) the goal setting is dependent on one’s expectation of the
possibilities in the future.

Our revision of the risk-homeostasis theory, although still homeostatic
in design, is no longer only characterized by equilibrium maintenance but
by maintenance of lawful lagged changing levels and lagged gradual change
of risk-tolerance region. In terms of general system theory as described
by Koornstra (1988; 1989a) the risk-homeostasis theory is an input
controlled and open system, in contrast to self-referencing closed
systems. As Koornstra remarked a system is never closed, nor solely an
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open system, perhaps excluded man-made technical control systems. And
indeed Wilde (1982a) explicitly copied the system structure from a man-
made technical homeostatic model. Wilde's transition to human behaviour
does not take the self-referencing aspects of human information
processing into account. On the basis of our reference-frame theory we
add a self-referencing feedback for risks influencing the evaluation of
risks. Amending the system structure of Wilde'’'s homeostasis model by an
extra self-referencing connection from the box for accident rate to the
box labelled by target level, but now representing the risk-tolerance
region we show the influence of adaptation to risk on the tolerance
region. This self-referencing adaptive loop and the risk-tolerance region
form the essential amendments of the risk-homeostasis model. Thereby, we
design a mixed open and closed system of human risk behaviour, capable of
adaptation which is a vital aspect of man. In Figure 5 the amended system
for our frame of reference theory of risk in traffic is pictured.
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Figure 5. System structure for frame of reference theory of risk

Such a marriage of cybernetic feedback and adaptation level led already
as early as 1969 to a theory of stimulus equivalence in psychology
(Capehart et al., 1969). The two compatible concepts of cybernetics and
adaptation level lend themselves to the development of a cohesive theory.
Our proposed system theory of individual risk is based on identical
concepts and structure as Capehart’s stimulus-equivalence theory. One may
wonder why researchers in criticizing Wilde’'s risk-homeostasis theory did
not follow a more constructive approach by adjusting the theoretical
system. Instead of bringing the theory in accordance with conflicting
data, only the validity of the predictions were questioned or denied.

5. Empirical evidence

In criticizing the risk-homeostasis theory Evans (1986) showed that the
main prediction of this theory (Wilde, 1982b), e.g. constant accident
rate as accidents per unit of travel time, is beyond reasonable doubt
invalidated by the apparent decrease of rates. Our frame of reference
theory of risk in traffic predicts an aggregated gradual decrease of risk
by safety measures. Analysis of fatality-rate time-series (Koornstra,
1987; Koornstra, 1988; Oppe, 1989) confirms this prediction. This is due
to small autonomic behavioural downward shifts of the risk-tolerance
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region for small measures and for big measures to maximum bounded partial
and lagged behavioural compensation towards the also lagged downward
shifting risk-tolerance region.

The confirmation of the prediction of a lagged partial compensation for a
rather large risk-reduction measure up to a gradual downward shifting risk
level is shown in Figure 6 by a fatality-rate time-series taken from Evans
(1989). The measure, which induced the change, is the behaviourally
accepted reduction of speed-limit from 70 to 55 mph for the Interstate
highway system of the USA since the oil-crisis of 1974.
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Figure 6. Fatality rate (log scale) on the USA Interstate system
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The predicted time lag is confirmed by the decrease from the fitted trend
in 1974/75 and the predicted partial compensation by the increase relative
to the trend from 1976 to 1978. The increase is not obtained by higher
speeds (low mean speed remained), but undoubtedly by other compensating
riskier behaviour on the otherwise wunaltered Interstate system.
Compensation is not complete, since it stops as predicted at the log-
linear regression line of the decreasing fatality-rate, as is shown by the
data from 1978 to 1986. Thereafter the speed-limit was raised again to 65
mph. The picture of Figure 6 reveals that the time-lag lasted about two
years before the compensation process for this large risk change started,
while the partial compensation process took a period of four years. This
confirms our hypothesis of low perceptibility or subliminal nature of
changes on low risk level. Only after integration over time of risk
stimulations on such a low level of risk, risk change becomes effective.
From our reference-frame theory, therefore, we predict a return to the
decreasing fatality rate after the increase of risk in 1987 about 1991 or
1992 for the USA Interstate highway system.

The apperant lagged partial compensation can not be explained by risk-
homeostasis theory, nor by the zero-risk model or the threat-avoidance
model. The above results, however, confirms the hypothesized adaptation-
level effects of the frame of reference theory of risk in traffic.

Evidence for effects of changing weights or for effects of changed
strength of incentive values through safety measures are harder to obtain.
Such will be less clear because of the many possible interpretations of


















