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Empirical investigations of decision making indicate that the level of individual or organizational
risk taking is responsive to a risk taker’s changing fortune. Several nonstationary random-walk
models of risk taking are developed to describe this phenomenon. The models portray a risk taker’s
history as the cumulated realizations of a series of independent draws from a normal probability
distribution of possible outcomes. This performance distribution is assumed to have an unchang-
ing mean and a variance (risk) that changes. The changes are seen as determined by (a) a focus of
attention on 1 of 2 reference points (an adaptive aspiration for resources and the survival point) and
(b) the relation between current resources and the focal point. The models are elaborated by
examining the impact of adaptive aspirations and attention focus on risk taking over time in a
cohort of risk takers and in a renewing population of risk takers.

Theories of decision making under uncertainty most com-
monly assume that returns to decisions are draws from a proba-
bility distribution that is conditional on the choice made. Deci-
sion makers are generally assumed to prefer alternatives with
higher expected values to those with lower ones, but they also
are assumed to consider the riskiness of an alternative. Riski-
ness is associated with lack of certainty about the precise out-
come of a choice and thus with variation in the probability
distribution. Psychological studies of risk preference and risk
taking emphasize the ways in which such variability affects
choice.

Empirical investigations of choices by individuals and organi-
zations indicate that preferences for variability are not constant
but are responsive to changing fortune. The mechanisms of
response are familiar to students of the psychology of decision
making, but they yield a somewhat complicated picture:

1. Risk taking and danger. Risk taking appears to be af-
fected by threats to survival. The reported effects, however,
appear to be contradictory. On the one hand, it has been ob-
served that increasing threats to survival stimulate greater and
greater risk taking, presumably in an effort to escape the
threats (Bowman, 1982; Bromiley & Wiseman, 1989; Mayhew,
1979). On the other hand, danger has been portrayed as leading
to rigidity and to extreme forms of risk aversion (Greenhalgh,
1983; Staw, 1976; Staw, Sandelands, & Dutton, 1981; Roy, 1952;
Stone, 1973).

2. Risktaking and slack. Risk taking appears to be affected
by slack, that is, by resources in excess of current aspirations.
Where slack is plentiful, it is pictured as leading to relaxation of
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controls, reduced fears of failure, institutionalized innovation,
increased experimentation, and thus to relatively high levels of
risk taking (Antonelli, 1989; MacCrimmon & Wehrung, 1986;
J. G. March, 1981; Wehrung, 1989). Where slack is small (or
negative), tight controls and efforts to improve productivity us-
ing known technologies and procedures are seen as producing
relatively low levels of risk taking (Burns & Stalker, 1961; Czar-
niawska & Hedberg, 1985; Libby & Fishburn, 1977; Wehrung,
1989).

3. Risktakinginthe neighborhood of an aspiration level. The
idea of an aspiration-level reference point is central to modern
theories of individual and organizational choice (J. G. March,
1988a; Tversky & Kahneman, in press). When they orient to a
target and are close to it, individuals appear to be risk seeking
below the target and risk averse above it (Hausch, Ziemba, &
Rubenstein, 1981; Payne, Laughhann, & Crum, 1980, 1981;
Tversky & Kahneman, 1974). A similar result has been ob-
served in organizations (Bromiley, 1991; MacCrimmon &
Wehrung, 1986; J. G. March & Shapira, 1987) and in societies
(Brenner, 1983; Olson, 1963). The result is robust across a vari-
ety of circumstances involving fairly symmetric probability dis-
tributions of outcomes, but it appears to be sensitive to skew-
ness in those distributions (Hershey & Schoemaker, 1980;
Schneider & Lopes, 1986). It is consistent with a long history of
observations in organizational studies that relate search activity
to failure (Antonelli, 1989; J. G. March & Simon, 1958; Singh,
1986).

4. Risk taking and the assimilation of resources. Risk-taking
behavior seems to be sensitive to risk takers’ perceptions of
whose resources are being risked. Greater risks are taken with
new resources than with resources held for a longer time (Sam-
uelson & Zeckhauser, 1988). Among successful managers,
those who are older and have longer tenure take fewer risks than
do those who are younger and have shorter tenure (MacCrim-
mon & Wehrung, 1990). Managers appear to be more inclined
to take risks with an organization’s resources than with their
own (J. G. March & Shapira, 1987). Experimental subjects ap-
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pear to be more inclined to take risks with the “house’s” money
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than with their own (Battalio, Kagel, & Jiranyakul, 1990;
Thaler & Johnson, 1990).

5. Risk taking and self-confidence. Successful risk takers
seem to feel that their past successes in risky situations are a
result of their skills or their environment’s munificence rather
than their good fortune (Keyes, 1985; J. G. March & Shapira,
1987). That is, they accept some mixture of the following be-
liefs: that their past successes are attributable to their special
abilities, that nature is favorable to them, and that they can beat
the odds. This tendency to attribute favorable outcomes to en-
during features of the situation rather than to good luck has
been observed in experimental subjects (Langer, 1975), in ath-
letes (Gilovich, Vallone, & Tversky, 1985), and in organizations
(Boisjoly, 1988; Roll, 1986) and leads to a positive bias in antici-
pations.

In this article we use some relatively simple random-walk
conceptions of performance, aspirations, and risk preferences
to model this pattern of risk taking. The models build on ear-
lier random-walk perspectives for variable risk preferences
(J. G. March, 1988b; J. G. March & Shapira, 1987) and on more
general applications of random walks to modeling adaptation
(Levinthal, 1990,1991). They emphasize focus-of-attention fac-
tors as critical to understanding human choice (Shapira & Ven-
ezia, in press; Tversky & Kahneman, in press).

Random-Walk Models of Risk Taking

In a random walk, an individual or organization begins with
an initial supply of resources and accumulates (or depletes) re-
sources over time by a sequence of independent draws from a
distribution of possibilities (Dubins & Savage, 1965; Feller,
1968). In standard applications of random walks to adaptation,
the usual focus is on changes in resources over time up to the
point at which they reach a level that can be treated as absorb-
ing. The absorbing state of interest is typically zero, but there
are other possibilities (J. C. March & March, 1978; Romanow &
Seilke, 1985).

Such models have a certain amount of appeal by virtue of
their parsimony, their straightforward characterization of the
process of engagement between a risk taker and the environ-
ment over time, and the ease with which they produce key
observed features of survival experience. They yield distribu-
tions of exits (e.g., deaths, departure from jobs, endings of
marriages, exhaustion of capital) over time that are qualita-
tively consistent with many empirical observations. As a result,
they often provide plausible baseline interpretations of the dis-
tributions of exits within a cohort (Bartholomew, 1973; Le-
vinthal, 1991).

The initial supply of resources in a random walk can be inter-
preted as a capital endowment. The mean can be interpreted as
the capability or efficiency of the risk taker or, more generally,
as the fit of the individual or organization to the environment
(Levinthal, 1991). The variance can be interpreted as unreliabi-
lity or risk taking. Unreliability is normally used to refer to
variability that is relatively involuntary and risk to refer to vari-
ability that is relatively voluntary, but the distinctions are not
always easy to maintain. We are interested in behavior that is
neither strictly voluntary nor strictly involuntary but a mixture
of the two. By pursuing a particular strategy, technology, mar-

ket, control procedure, or product in a particular way, an indi-
vidual or organization determines (within some constraints) the
variability of possible experience. Thus, we may describe indi-
viduals or organizations that pursue actions with small variabil-
ity in outcomes as either “reliable” or “risk averse” depending
on the context. Those that pursue actions with large variability
in outcomes can similarly be described either as “unreliable” or
“risk seeking.”

We consider a population of risk takers each of whom experi-
ences history as the realizations of a sequence of independent
draws from a normal performance distribution of possible out-
comes. The population is initially homogeneous with respect to
the mean and variance parameters of the performance distri-
bution. Although we provide a few comments on nonstationary
means, for the most part, we assume the mean of the distribu-
tion to be stationary and equal to zero. The variance parameter
changes over time by a process that is common to all risk takers,
but it produces a heterogeneous, nonstationary population as a
result of differences in specific realized histories.

The variance depends both on the amount of current re-
sources and on the history of reaching that amount. We assume
that risk taking is controlled by two simple “decision” rules.
The first rule applies whenever cumulated resources are above
the focal reference point: Variability is set so that the risk taken
increases monotonically with distance above the reference
point. This rule, or a close proxy, is a common interpretation of
risk aversion in the positive near neighborhood of an aspiration
level or threat of death. A specific version might make the prob-
ability of landing below the reference point equal to some fixed
(and presumably relatively low) number; that is, it might make
the relation between distance from the reference point and risk
linear.

Such rules have been examined in the literature on organiza-
tions (Singh, 1986), individuals (Kahneman & Tversky, 1979),
and animals (Kamil & Roitblat, 1985). Presumably they reflect
a combination of resistance to falling below the focal point and
a limitation imposed on risk taking by the amount of available
resources. Under this first rule, as a risk taker’s resources (above
a target) increase, the unreliability in outcomes that is tolerated
becomes greater and greater. The rule is different in this respect
from the function assumed in an earlier model of variable risk
taking (J. G. March, 1988b). In that model, preferred risk was
assumed to decline monotonically with the ratio of resources to
aspiration. The differences between the models reflect an
unresolved conflict in the research on variable risk taking—the
impact of excess resources on reliability and risk taking (Bro-
miley, 1991; Bromiley & Miller, 1990).

The second decision rule applies whenever cumulated re-
sources are below the focal reference point: Variability is set so
that the risk taken increases monotonically with (negative) dis-
tance from the focal point. A specific linear version might
make the probability of landing some fixed distance above the
reference point equal to some fixed (and presumably relatively
high) number. This rule provides an interpretation of risk seek-
ing for losses. The further current resources are below the refer-
ence point, the greater the risk required to make recovery likely.

Risk can be varied in two ways—by choosing among alterna-
tives with varying odds or by altering the scale of the invest-
ment in the chosen one, that is, by changing the “bet size”
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Because the availability of the latter alternative depends on the
resources available, there is a constraint on risk taking that can
be quite severe as a risk taker exhausts resources. This resource
constraint is not reflected explicitly in the present model. In
effect, we assume that alternatives with any desired variance
within a very wide range are available.

In keeping with earlier work on the psychology of risk taking
(Atkinson, 1957; Lopes, 1987), we consider two target reference
points: an aspiration level for resources that adapts to experi-
ence (Kuhl, 1978; Lewin, Dembo, Festinger, & Sears, 1944) and
a fixed survival point at which resources are exhausted. Thus,
the present models differ from a strict aspiration-level concep-
tion of targets by introducing a second critical reference point,
the survival point, and by assuming a shifting focus of attention
between these two reference points (Lopes, 1987; J. G. March &
Shapira, 1987). The two rules make risk-taking behavior sensi-
tive to (a) where a risk taker is (or expects to be) relative to an
aspiration level and a survival point and (b) whether the risk
taker focuses on the survival reference point or the aspiration-
level reference point. Consequently, aggregate risk-taking behav-
ior in a population is attributable partly to the way the process
affects the accumulation of resources, partly to the way it dis-
tributes risk takers to success and failure (in terms of their own
aspiration levels), and partly to the way it allocates attention
between the two reference points.

Rules such as these are commonly cited by risk takers (Bow-
man & Kunreuther, 1988; MacCrimmon & Wehrung, 1986;
J. G. March & Shapira, 1987) and have a certain amount of
theoretical appeal, but they make it easy to confuse two quite
different versions of the meanings of risk. In the first meaning,
risk is associated with variability in the probability distribution
conditional on a choice. In the second meaning, risk is asso-
ciated with the danger of landing below, or the chance of land-
ing above, a focal target. The behavioral rules specified earlier
keep “danger” or “opportunity” constant under changing con-
ditions. In a sense, therefore, they are “fixed-danger” and
“fixed-opportunity” rules. As will become clear later in this
article, however, any rule that keeps danger fixed as cumulated
resources vary will produce variability in risk taking, and any
rule that keeps risk taking (in the sense of variability) fixed will
make danger variable.

The Specific Models

We assume that each risk taker begins with a certain level of
initial resources that is common to all. The process for each risk
taker continues through a sequence of draws from that risk
taker’s changing performance distribution until resources are
exhausted. The term resources is intentionally general. It might
include the capital assets of an entrepreneur or a business firm,
the political support of a politician or a public agency, the repu-
tation of a professional or a professional association. The his-
tory of any particular risk taker consists in a series of indepen-
dent draws from a performance distribution. The realized
draws are added sequentially to the resources to produce a his-
tory of cumulated resources or wealth.

Each of the basic models we consider assumes that the perfor-
mance distribution from which draws are made by a particular
risk taker is normal, with a mean of 0. The standard deviation

of the distribution for any particular risk taker at time ¢ is as-
sumed to be a function of the cumulated resources of that risk
taker at time ¢. Thus, all of the models are expressions for s,, the
standard deviation of the normal distribution from which a
draw is made at time 7. We assume that s, is bounded by unavoid-
able risk (here assumed to be 107!) and by maximum possible
risk (here assumed to be 10°).

Model 0: Fixed Risk

In this model, we assume that the s, = s* for all £s. This is the
standard, homogeneous, stationary random walk.

In all subsequent models, we introduce an experience-based
estimation of the mean of the distribution. We assume that
each risk taker estimates the mean of possible realizations in
the next time period to be equal to the mean of that risk taker’s
experience over previous time periods. That is, if F, is the esti-
mated return for period ¢, R, is the accumulated resources at ¢,
and k is the initial stake, then,

E, =R, -k

If the estimated mean is low enough to make estimated re-
sources at the end of the period less than zero, the estimated
mean is assumed to be zero.

Model 1: Survival Reference Point

In this model, we assume that the risk taker has one reference
focus, the survival point, and the level of risk taken depends on
the distance from that point. It also depends on a (possibly
erroneous) estimate by the risk taker of the mean of the distri-
bution. Specifically,

s =R + Er)/D(p:);

where D(p}) is the standard deviate of the normal distribution
associated with p?, the probability that the draw in this period
will wipe out the cumulated resources up to this point—that is,
the probability of death. The model makes the estimated proba-
bility of death constant over all levels of cumulated resources
thus over time. By virtue of the assumption of a symmetric
{normal) performance distribution, pJ is constrained to be less
than .5.

Model 2: Aspiration Reference Point

In this model, we assume that the focus is always on an aspira-
tion level (L > 0) for cumulated resources. The effect of the
focus depends on whether resources are above or below the
aspiration for them. Specifically,

o = [Rer + EYD@), ifR_ =L,y
“ Ry + E + @)/DW@F), ifR_ <Ly,

where L, is the aspiration level at ¢, g is the distance above the
aspiration level that is deemed “safe,” p} is the probability thata
draw in this period will bring cumulated resources below the
aspiration level, and p? is the probability that a draw in this
period will bring cumulated resources to a position at least g
above the aspiration level. By virtue of the assumption of a
symmetric (normal) performance distribution, p, and p, are
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each constrained to be less than .5, but they have no necessary
relation to each other. The psychological basis for g (g > 0) lies
in the frequent observation that there is a positive bias in aspira-
tions (Revelle & Michaels, 1976), although its precise form is
slightly different from that suggested by others (Lant, in press).
When cumulated resources exceed the aspiration level, s, is set
so that the estimated probability (depending partly on the possi-
bly erroneously estimated mean of the distribution) of landing
below the aspiration level is constant. When cumulated re-
sources are less than the aspiration level, the model assumes
that risk is set so that the (possibly erroneously) estimated proba-
bility of “safe success,” that is, of being above the aspiration
level by some fixed amount, is constant over cumulated wealth.

Model 3: Shifting Focus

This model is a combination of the two single-reference-
point models (Models 1 and 2). The risk taker attends either to
the aspiration level or to the survival point but not to both.
When attention is given to the survival point, the model is
equivalent to the survival reference-point model (Model 1).
When attention is given to the aspiration level, the model is
equivalent to the aspiration reference-point model (Model 2).
Attention can shift according to a number of different possible
rules, and we introduce two more complicated rules.in later
sections. Initially, we consider only a simple probabilistic atten-
tion rule: Each risk taker attends to the survival point with
probability u (0 < u < 1). The two single-reference-point models
(Models1 and 2) are then special cases of the shifting reference-
point model (Model 3), with u = 1 and u = 0, respectively,

Risk-taking functions. The two basic risk-taking functions
specified in the models are shown in Figure 1. Each function
shows the risk taken at any level of cumulated resources. The
aspiration level is assumed to be fixed. The functions plotted in
Figure | are not utility functions. They show risk taking directly
as the standard deviation of the performance distribution,
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Figure 1. Risk taken as a function of cumulated resources for fixed-
focus models of variable risk (p,= .0001, p/= .05, p,=.3, L=30,andg=
10).

rather than as a nonlinearity in the utility for money. The two
specific functions reflect particular parameter values for each
model; thus they should be viewed as representing a class of
models. By varying the parameters, it is possible to vary the
scale of risk taking arbitrarily—thus the relative position of the
several plots on the y-axis. However, the qualitative pattern of
relative risk taking as a function of cumulated resources for any
one model remains as pictured.

Parameters of the models. Each risk taker is assumed to have
a performance distribution that is normal with an unchanging
mean, x, and a changing variance. Each risk taker begins with
an initial stake, &, and an initial aspiration level equal to that
stake plus or minus a small amount. In addition to x and k, the
following parameters are involved:

Dj, the probability of death, that is, the probability of moving
from the present resource position to a position below the sur-
vival reference point as a result of the draw this period (Models |
and 3; 0 < pf <.5); )

P the probability of failure, that is, the probability of mov-
ing from the present resource position above the aspiration
level to a position below the aspiration level as a result of the
draw this period (Models 2 and 3; 0 < p¥ <.5);

D}, the probability of success, that is, the probability of mov-
ing from the present resource position below the aspiration
level to a “safe” position above the aspiration level as a result of
a draw this period (Models 2 and 3; 0 < pf < .5);

g, the increment about the aspiration level that defines a
“safe” success (Models 2 and 3; ¢ > 0);

a, the learning parameter for adjusting the aspiration level,
where R, is the cumulated resources at ¢, L, is the aspiration
level for resources at ¢, and L, = aR,_, + (Fa)L,_, (Models 2 and
}3;0<axl)

u, the probability of attending to the survival reference point
(Model 3;0<u<1).

Consistency With Empirical Data

Because the models can lead, through probabilistic varia-
tion, to a variety of outcomes in any particular case, it is neces-
sary to consider the distribution of possible outcomes stem-
ming from any particular set of parameters. To derive distribu-
tions, we use Monte Carlo simulations. Except where indicated,
all of the simulations set p7 = .0001, p¥ =.05, p¥ =.3,g=2,k=
3, and ¥ = .5; thus they do not provide information on the
sensitivity of the results to variations in those parameters. The
emphasis is on comparing the models and on considering the
effects of variations in the value of the aspiration adjustment
parameter, a.

The three variable-risk models produce distinctly different
patterns of risk taking, which lead to differences in the extent
to which the several models fit the stylized empirical observa-
tions listed earlier:

L. Risk taking and danger. The survival reference-point
model (Model 1) exhibits decreasing risk taking as survival is
increasingly threatened. The aspiration reference-point model
{Model 2) exhibits increasing risk taking as survival is threat-
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ened. In the neighborhood of the survival reference point, the
shifting-focus model (Model 3) exhibits oscillation between rela-
tively small risks and relatively large ones as the focus of atten-
tion shifts. The effects in the cases of the two models that in-
clude aspiration reference points (Models 2 and 3) depend on
the speed of aspiration adjustment.

2. Risk taking and slack. All of the models exhibit in-
creasing risk taking as slack (resources in excess of aspirations)
increases. Because the amount of slack is a joint function of
accumulated resources and aspirations for them, it is sensitive
to the rate at which aspirations adjust to experience.

3. Risk taking in the neighborhood of an aspiration level.
In the neighborhood of current aspirations, the models using
aspiration-level reference points (Models 2 and 3) exhibit
higher risk taking when expectations are below the aspiration
level than when they are above it. Thus, in the neighborhood of
the target, they are risk seeking for “losses™ and risk avoiding
for “gains” Risk avoidance for gains is, however, less and less
characteristic in these two models as the distance between the
gains and the aspiration level increases. The survival reference-
point model (Model 1) is insensitive to aspirations.

4. Risk taking and the assimilation of resources. Through
aspiration-level adjustment, the two models with aspiration-
level reference points (Models 2 and 3) make the effect of
current resources on risk taking dependent on the length of
time resources are held. Because risk taking depends on the
relation between aspirations and current resources, and aspira-
tions depend on the history of accumulation, there is a period
of time after acquiring (or losing) resources when those accu-
mulations are not fully discounted by adjustment in aspira-
tions. The slower the adjustment of aspirations, the longer the
period of time before resources are assimilated. The survival
reference-point model (Model 1) is insensitive to aspirations
and thus to assimilation of resources.

5. Risk taking and self-confidence. Even though all risk
takers draw from distributions with the same mean, their real-
izations from those distributions vary. Some have cumulative
experience that exceeds the true expected value and conse-
quently overestimate the mean; others have less favorable cu-
mulative experience and consequently underestimate the
mean. Because the process differentially eliminates those with
negative experience, it generates a positive bias in expectations.
Risk takers following the rules in the three variable-risk models
(Models 1, 2, and 3) generally take greater risks than they would
if their estimates were correct. The only exception occurs when
they are focused on the aspiration-level reference point and
their biased expectations place them above the aspiration,
whereas a correct estimation would place them below.

Table | summarizes the results. The fixed-risk model (Model
0) clearly does not predict human risk taking as it has been
observed. The survival reference-point model (Model 1) has
some of the qualitative features desired, but it fits the data less
well than the others. Moreover, that model has a strong prop-
erty that appears to be inconsistent with empirical observa-
tions. When focus is strictly on the survival point, individual
histories vary, but they tend to converge to the survival point.
As a result, most risk takers spend most of their histories barely
surviving and taking very little risk.

The aspiration reference-point model (Model 2) and the

Table t
Empirical Observations and Models Compared

Observations Models

1. Low risk taking near survival point 1
High risk taking near survival point 2,
2. High risk taking when well above
aspiration level 2,3
3. Risk seeking just below aspiration, risk
avoiding just above 2,3
4. Effect of one-time increase in resources is
short-term increase in risk taking
followed by decline
5. Underestimate of risk

- N
N
w

shifting reference-point model (Model 3) come closest to re-
flecting the observed qualitative results. Because a shifting
focus generates variability among individuals having the same
resource level, the outcomes in Model 3 provide a possible in-
terpretation of some of the puzzles in the empirical data. Risk
takers who find themselves below their aspiration level are di-
vided into two (unstable) groups, the first of which is focused on
the dangers of death and the second of which is focused on the
opportunities for being safely above the aspiration level. The
two different foci lead to different levels of risk taking. Simi-
larly, risk takers who find themselves above their aspiration
level are divided into two {unstable) groups, the first of which is
focused on the (distant) dangers of death and the second of
which is focused on the (nearer) dangers of failure. Again, these
two different foci lead to different levels of risk taking.

Resource Accumulation and Adaptive Aspirations

The variable risk taking portrayed in these models is depen-
dent on three things. First are the changing resources of the risk
takers; the risk taken by a particular risk taker changes as a
result of the realizations of the random walk. Second are the
changing aspirations of risk takers for resources. Aspirations
adjust to experience (Lant, in press; Revelle & Michaels, 1976).
Insofar as attention is directed to the aspiration focal point,
such adjustments affect the risk taken. Third is the focus of
attention. The level of risk taken depends on whether attention
is directed to the survival point or to the aspiration level. In this
section, we consider resource accumulation by survivors, its
effect on aspirations for resources, and their joint effect on risk
taking. In the next section, we examine the effects of the focus
of attention.

Resource Accumulation by Survivors

Suppose risk takers all have the same, stationary perfor-
mance distribution means, the same initial stakes, the same
decision parameters, and the same learning parameter. Except
where indicated, weassume x=0,k=3,¢g=2,u=.5,p;=
.0001, p¥=.05, and py = .3. In the absence of involuntary risk,
Model 1 (survival reference point) tends to trap most risk takezs
in a near neighborhood of the survival point. With.nol
expectations, Models 2 (aspiration n
ing reference point) tend to generate increases in average gains
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of survivors over time. These increases, in turn, produce three
major effects on risk taking: The first effect is the direct one
from the tendency for cumulated resources to increase. Within
the models, risk taking is high if a risk taker is relatively far
above a reference point. In cohorts in which performance dis-
tributions have nonnegative expectations that are stable, the
average level of risk taking among survivors is more likely to be
determined by a history of being above the reference point than
being below it and increasingly so as the cohort ages. Thus, risk
taking tends to increase.

The second effect of increasing assets on risk taking stems
from a systematic bias in the expectations of survivors. Cumu-
lation of resources over time (in a process in which the average
accumulation is zero) leads survivors to overestimate the ex-
pected mean of the process in which they are involved. This
leads them generally to expect to have greater resources at. the
end of each time period than they will in fact have. As a result,
except when they are in the near neighborhood of, and below,
their aspirations, they take greater risks than they would have
taken if they had correctly predicted their resources.

The third effect of increasing resources for survivors is to
increase aspiration levels. As long as aspirations are below real-
izations, increasing aspiration levels will tend to reduce risk
taking. At the limit, the changes in aspiration level negate the
effects of increasing resources on risk taking because increases
in resources are discounted by rising aspirations for them.

If we relax the assumption of homogeneous and stationary
means, these effects on resource accumulation and risk taking
are affected in relatively straightforward ways. Suppose that
individual means (x;) are distributed normally with mean = 0
and variance = 1. Such heterogeneity has substantial effects.
Because losers are eliminated, there is a strong tendency to
eliminate those risk takers with performance distributions hav-
ing negative means. As a result of the differential survival and
the consequent shifting composition of the population, hetero-
geneity in means generates much higher levels of average risk
taking and cumulated resources among survivors than is found
in homogeneous populations with means equal to the average
of the heterogeneous population at Period 0. Those risk takers
having advantages of fit do better and survive longer. As they do
better, they take greater risks.

Suppose the means, x;, are initially homogeneous but are not
stationary. For example, we might imagine that the mean in-
creases with experience in the manner of standard learning
curves. Or we might imagine that the mean is related positively
to cumulated wealth. Such changes in the mean lead to in-
creases in the accumulation of resources by survivors and thus
(in general) to increases in risk taking, However, if increases in
the mean come at a decreasing rate, upward adjustments in the
aspiration level reduce the level of risk taking.

Alternatively, we might imagine that variations in the mean
of a performance distribution are linked to variations in the
variance. The literature provides two, quite different, stories on
the relation between risk and expected value. In one story, rela-
tively standard in the literature on financial markets, risk and
expected value are positively related (Feigenbaum & Thomas,
1986; Gibbons, 1982). In a second story, relatively standard in
research on organizational search and change, risk and ex-
pected value are negatively related (Bowman, 1982; Bromiley,

1991; Bromiley & Miller, 1990). Within the present models, a
positive correlation between risk and return increases, and a
negative correlation decreases, the accumulation of resources
by survivors and the average risk taken.

Effects of the Rate of Aspiration Adjustment

Unlike the survival reference point, which is insensitive to
endogenous change, aspiration reference points adjust to re-
flect realized experience. The history dependence of aspira-
tions combines with the importance of aspiration levels for risk
taking to make the rate and character of these aspiration ad-
justments a key feature of models using aspiration-level refer-
ence points (Models 2 and 3). Self-referential aspiration adjust-
ment leads to the aspiration level’s being closer to current posi-
tion than it would otherwise be. This, in turn, tends to
constrain the risk taken by any risk taker focusing on the aspira-~
tion level, because risk taking is relatively low in the neighbor-
hood of the aspiration level (see Figure 1). As a result, in both
models using an aspiration-level reference point (Models 2 and
3), slower adaptation of aspirations leads to taking greater risks.
For exampile, Figure 2 shows, fora= 0.1 and a= 0.9, the average
risk taken by survivors over time for Model 2 (aspiration refer-
ence point only). When a = 0.1, the average risk taken by survi-
vors by Period 100 is more than three times that taken when
a=09.

In a population of risk takers, the aspiration level of each risk
taker may depend not only on that risk taker’s achieved re-
sources but also on the resource level reached by others—in
particular, others who do better (Brenner, 1983; Bromiley,
1991). If j is the rank of a risk taker in terms of accurnulated
resources (where the risk taker with the greatest amount of re-
sources in the population is ranked 1), ande (0 <e<1)isa
positive fraction, then the rank of a superior comparison target
is equal to the nearest integer value of ¢;. The lower the value of
e, the higher the relative standing of the comparison target. (If

AVERAGE RISK TAKEN BY SURVIVORS
»

20 40 680 80 100
TIME PERIOD

Figure 2. Average risk taken by survivors over 100 time periods for
Model 2 (@= 0.1, 0.9; N= 5,000 [nonrenewed ], p,= .0001, pr=.0S, p,=
3,x=0,¢g=2,and k= 3).
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the nearest integer value of ¢;is 0, then the rank of the compari-
son risk taker is assumed to be 1) The aspiration updating func-
tion becomes

L,=acR,_, + a(1-c)R,_, + (1-a)L,_,,

where R, is the accumulated resources of the comparison risk
taker at ¢, and c is the fraction of the weight assigned to R,
(rather than R,). The conspicuous consequence of having as-
pirations depend partly on the achievements of superior per-
formers is increased average aspirations and frequency with
which cumulated resources fall well below the aspiration level.
This tends to increase risk taking, a tendency somewhat ame-
iiorated (in the shifting-focus-of-attention models) by the focus
on survival. Moreover, insofar as aspiration adaptation is re-
lated to the performance of superior others, rapid aspiration
adjustment leads to higher levels of risk than does slow aspira-
tion adjustment.

These effects of a on risk taking in situations involving homo-
geneous values for a suggest that a might be selected within a
population of risk takers that was heterogeneous with respect to
the adaptation rate. This speculation is true. Figure 3 shows the
Period 100 distribution of the population across nine values of
a, given a uniform distribution at Period 1, for the situation in
which aspirations are entirely self-referential in the two aspira-
tion reference-point models (Models 2 and 3). Risk takers with
low values for a represent a substantially smaller fraction of the
cohort of survivors at Period 100 than they did in the original
cohort.

Focus-of-Attention Effects

At some levels of resources, the risk taking specified by the
functions portrayed in Figure 1 is relatively insensitive to
changes in focus from one reference point to the other. In other
cases, the differences are large. For example, if the aspiration

20
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Figure 3. Period 100 distribution of 2 among survivors for heteroge-
neous a (M = 0.5) in Models 2 and 3 (N = 5,000 jnonrenewed}, p, =
0001, p;=.05,p,=.3,x=0,g=2,k=3,andu=.5).
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Figure 4. Average risk taken by survivors (Model 3) at Period 50 as a
function of ¥ and a (N = 5,000 [nonrenewed ], p,= .0001, p,= .05, p,=
3,x=0,g=2,and k= 3).

level is substantially above the survival point and the risk taker
is close to the latter, a focus on the survival point will lead to
taking very little risk, whereas a focus on the aspiration level
will lead to taking a substantial risk. Conversely; if the risk taker
is well above the survival point but barely above the aspiration
level, a focus on the survival point will lead to substantially
greater risk taking than will a focus on the aspiration level. The
precise effects of increasing (or decreasing) the likelihood of
focus on the survival point, relative to the focus on the aspira-
tion level, depend on the decision rules and parameters, but a
few general implications can be drawn.

Effects of Varying Probabilistic Attention to Survival

Model 3, with its changing focus of attention, tends to gener-
ate patterns of risk taking that are different from those pro-
duced by the fixed-focus models. By varying the value of u, the
probability of attending to the survival reference point in
Model 3, we can examine how a fixed likelihood of attending to
one reference point or the other affects risk taking. Because risk
taking also depends on the rate of aspiration adjustment, we
plot in Figure 4 the average risk taken in Period 50 as a fanction
of u for three different values of ¢, where aspiration adjustment
is self-referential. The observation (see Figure 2) that slower
adjustment of aspirations leads to higher risk taking when u =
.5 is confirmed as a general property for all values of u < 1. By
narrowing the gap between realizations and aspirations, rapid
adjustment of aspirations has a negative effect on average risk
taking in situations such as this (in which assets tend to grow
over time),

The plotted results with respect to u are sensitive to the spe-
cific parameters chosen, but the nonmonotone dependence of
risk taking onu is quite general. Very high vinchuding
u= 1, which: is equivalent to the Sur yodel:
(Model 1), lead to low levels of risk taking.
leads to relatively low levels of accumulated resources, which
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reinforce the relatively low levels of risk taking. Very low levels
of u, including u = 0, which is equivalent to the aspiration-level
reference point model (Model 2), link risk taking to aspiration
levels—which tend to adapt to accumulated resources, thus
constraining risk taking. By producing fairly frequent attention
to the aspiration-level reference point, moderate levels of u pro-
vide relatively high levels of risk taking when accumulated re-
sources are low. Subsequently, when accumulated resources are
relatively high, moderate levels of u direct attention to the sur-
vival point often enough to keep risk taking relatively high. The
joint consequence is to make risk taking higher, on average, for
intermediate values of u than for values that are either close to 0
or close to 1.

Effects of Alternative Attention-Allocation Rules

The analysis of Model 3, in which attention to the two refer-
ence points is allocated in a strictly probabilistic way, indicates
some reasons why fixed-focus models—Model | ( = 1) and
Model 2 (4 = 0)—generally generate less risk taking than a
shifting-focus model (0 < u < 1). But the assumption of a con-
stant probability of attending to survival seems too limiting as a
description of behavior. It seems possible that attention shifts
according to some features of experience rather than strictly as
a probabilistic process. Consider the following two different
ways by which attention might be allocated to one or the other
focal point.

Model 3, Variant A: Relative distance. The probabilities of
attending to the survival reference point and the aspiration ref-
erence point are inversely proportional to their relative dis-
tances from the current resource position of the risk taker. The
closer cumulated resources are to zero, the greater the probabil-
ity of focusing on the survival point; the closer they are to the
aspiration level, the greater the probability of focusing on the
aspiration level.

Model 3, Variant B: Learning from experience. The probabil-
ity of attention to the survival reference point, rather than to the
aspiration-level reference point, changes as a result of simple
trial-and-error learning. Trial-by-trial experience associated
with a focus on one point or the other leads to modifications in
the likelihood of maintaining or changing a focus. Success (de-
fined as cumulated resources being above the aspiration level)
decreases the chance of a change in focus, whereas failure (re-
sources below the aspiration level) increases the chance of a
change. To simplify the variation, we assume that whenever
current cuamulated resources fail to achieve the current aspira-
tion, the focus of attention shifts and that whenever the cumu-
lated resources exceed the aspiration level, the focus of atten-
tion remains the same.

These variants on the shifting-focus model result in risk-tak-
ing patterns that differ from each other as well as from the
previous models. Because both resources and aspirations tend
to rise over time, the (stable) survival reference point becomes
more distant over time, and the (adaptive) aspiration-level refer-
ence point comes closer. Moreover, resources tend to exceed
aspirations as long as the latter do not adapt too rapidly to the
former. Where the focus of attention is tied to the relative dis-
tances between current cumulated resources and the two refer-

ence points (Variant A), the changing distances lead to in-
creased attention on the aspiration Ievel over time. When the
risk taker learns which focus to adopt as a result of experience
(Variant B), the frequency with which focus is shifted depends
on the frequency with which cumulated resources fall below
aspirations and thus on the speed with which aspirations adjust
to experience.

As a result of these differences, an experience-based focus
(Variant B) generally leads to more frequent attention to the
survival point than does a distance-based focus (Variant A).
The differences are shown in Figure 5 over 100 time periods. If
expectations are nonnegative, higher rates of focusing on sur-
vival are associated with higher levels of risk taking. Clearly,
that effect arises not from focusing on survival when it is most
threatened, but from focusing on a nonthreatening survival
point when resources are plentiful. Differences in risk taking,
in turn, lead to differences both in the fraction of a cohort
surviving up to any particular period (greater when relative
distance matters, ie., Variant A) and in the average cumulated
gains of survivors up to any particular period (greater when
experience matters, i.e., Variant B).

The effects of the rate of aspiration adjustment in the two
variants are also different in important ways from what they are
in the purely probabilistic version of a shifting-focus model
(Model 3). As in the probabilistic version, higher values for a
lead to lower levels of risk taking at Period 50. However, in
contrast to the probabilistic version, which tends to eliminate
high-risk takers, Variants A and B lead to the elimination of
low-risk takers. Risk takers with higher values for g are less
likely to survive (as long as aspirations are self-referential). This
seemingly contradictory result is produced by the fact that in
the rule-based models (Variants A and B), slow adaptation of
aspirations leads to relatively low risk taking early (when most
deaths occur) and relatively large risk taking later.

FOCUS BASED ON EXPERIENCE (VARIANT 3-B)

FOCUS BASED ON DISTANCE (VARIANT 3-A)

d

FRACTION OF SURVIVORS FOCUSED ON SURVIVAL
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Figure 5. Fraction of survivors focused on survival reference point
over 100 time periods for Variant 3-A and Variant 3-B (N = 5,000
[nonrenewed], p,=.0001, p;= .05, p,=.3,x=0,4=2,k=3,anda=
0.5).
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Risk Taking and Survival in Renewing Populations

Random-walk models do not ordinarily treat the effects of
competition directly. The game of life is portrayed as a game
against nature rather than a game against other actors. Never-
theless, it is possible to exercise the present models to explore a
few aspects of competitive effects and to use those analyses asa
basis for some discussion of the survival advantages (and disad-
vantages) of particular risk-taking rules. In this section, we ex-
plore the trade-off between cumulated resources and survival
by considering the changing character of a renewing popula-
tion that is heterogeneous with respect to the risk-taking rules
followed.

Differential Survival Over Time

Suppose we have a population that consists of individual risk
takers, each of whom follows the rules of one of the variable-
risk models. Thus, each risk taker is of a particular model type,
and the model type for each risk taker is invariant as long as that
risk taker endures. We exclude Model 0 because comparisons
would depend on an arbitrarily chosen value for s* We focus on
the five other models and use identical values for p,, p;, and p;
(ie, p;= .0001, p;= .05, and p,= .3). We assume that every risk
taker who fails is replaced by a new risk taker with a stake, k, the
same as that provided to risk takers in the original cohort. Note
that this specifies an expanding resource base because each
departing risk taker leaves with a negative cumulated resource
level and is replaced by a new risk taker with a new positive
stake.

The five different sets of rules produce different patterns of
risk taking in the five subgroups of risk takers. The different
patterns of risk taking lead to different survival rates and dif-
ferent accumulation of resources among survivors. Changes in
the distribution of types in a renewing population depend, how-
ever, not only on death rates among the types but also on their
birth rates. As risk takers are eliminated, they are replaced by
new risk takers. We assume that the probability of a replace-
ment’s being of a particular type is some mix of the current
proportion of the population found in that type and the current
share of population resources held by that type.

By these assumptions, we describe a simple birth and death
process that captures (in a very specific way) the trade-off be-
tween protecting survival by reducing risk and strengthening
reproductive capability by taking risks successfully. Insofar as
the probability of a replacement’s being of a particular type is
proportional to the current number of survivors of that type,
high reproduction rates tend to be associated with low risk
taking. Insofar as the probability of a replacement’s being of a
particular type is proportional to the total resources held by
survivors of that type, high reproduction rates tend to be asso-
ciated with high risk taking.

The process can be illustrated in purest form by considering
a population in which all risk takers follow the fixed-risk model
(Model 0) but vary in the level of risk they take. Suppose there
are four types of fixed-risk takers: In Type 1, s* = 1; in Type 2,
s* = 2; in Type 3, s* = 3; and in Type 4, s* = 4. If each of the
types initially includes 25% of the population, the changing
distribution over time depends sharply on whether replace-

ments are proportional to the numbers of survivors of each type
or the total amount of resources held by survivors of each type.
As Figure 6 shows, types that are relatively risk averse are signifi-
cantly more favored by a numbers-dependent reproductive pro-
cess than by a resources-dependent reproductive process.

In the same spirit, we examine the distribution of rules in the
population over time from an initial distribution in which each
of the five variable-risk models (Models 1, 2, 3, 3-A, and 3-B)
represents one fifth of the population. The distribution de-
pends on the specific parameter values chosen for p,, p, and p,
but there are three general things that can be said. First, the
relative positions of the various types change over time, so that
superiority depends on the time horizon involved. Second, the
long-term proportion of the population represented by risk
takers who focus only on survival (Model 1) is highly dependent
on the replacement process and the rate at which aspirations
adjust (@among other risk takers). To the extent that replacement
depends on the numbers of survivors rather than on their re-
sources, risk takers focusing on survival only (Model 1) are fa-
vored, particularly when aspirations adjust slowly. To the extent
that replacement depends on resources, risk takers focusing on
survival only (Model 1) tend to be eliminated.

Third, aspiration levels that are upwardly other-referential,
rather than self-referential (i.e., e <1, ¢> 0), tend to increase risk
taking, resource accumulation by survivors, and the rate of fail-
ure of risk takers following the aspiration-level models (Models
2 and 3). As a result, the consequence of emphasizing other-
rather than self-referential aspirations depends on the replace-
ment rules. Where replacement depends on numbers, a survival
focus rule (Model 1) is strengthened by having aspirations (of
others) attend to the performances of others. Where replace-
ment depends on resources, other-referential aspirations tend
to strengthen the position of two-reference-point risk-taking
types at the expense of those having an unconditional focus on
one reference point or the other.
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Figure 6. Proportion of population with s* =1, 2, 3, and 4 at Period
300 for two different replacement rules (N = 200 {renewed 1, p,= .0001,
p=05p=23x=0,¢9=2, k=3, and v = 100).
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Differential Survival When Relative Resource Position
Matters

In the preceding discussion, the birth rate of a type depends
on the relative position of the type, but the survival of individ-
ual risk takers does not depend on the performance of others in
the population. Suppose that survival requires that a risk taker’s
cumulated resources not only be greater than zero but also be
large enough to place that risk taker within the top v percent of
the population. Such a requirement makes the absorbing
barrier at zero irrelevant unless more than (100 — v) percent of
the population falls below zero in a particular time period.

Not surprisingly, where the zero point is (almost) irrelevant to
survival, a focus on it does not help in the long run. For exam-
ple, consider a renewing population consisting of risk takers
following each of the five variable-risk models (Models 1, 2, 3,
3-A, and 3-B). Suppose that each of the five types initially repre-
sents 20% of the population, replacement is proportional to
cumulated resources, aspirations are other-referential, and rela-
tive position matters @ = 90). Figure 7 shows the proportion of
the population represented by two of the types (those following
Models 1 and 3-B) over time. In the short run, the survival refer-
ence-point model (Model 1) dominates the experience-based,
shifting-focus model (Variant B of Model 3) as well as other
types. In the longer run, it is dominated by Variant B as well as
by the others.

The broad general implication is that insofar as relative posi-
tion with respect to resources matters to survival, a focus on an
adaptive aspiration level is strongly favored over a focus on sur-
vival. This is true even when replacement rules emphasize num-
bers rather than resources. The only partial exception is when
aspirations are other-referential, rather than self-referential.
Generally, though not universally, the two determinate variants
of a two-reference-point strategy (Models 3-A and 3-B) are more
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Figure 7. Fraction of population in Models 1 and 3-B over 200 time
periods where relative position matters and replacement is governed by
resources (N = 200 [renewed ], p,= .0001, p,= .05, p,= .3, x=0,g9=2,
k=3,a=10.5,and v=90).

successful than is a strictly probabilistic shift in focus
{Model 3).

Conchuding Remarks

Random-walk models of variable risk taking are stylized rep-
resentations of relatively complicated processes of attention,
choice, rules, procedures, and habit. The notions underlying
the present models are an amalgam of ideas portraying individ-
uals and organizations as more or less consciously choosing a
level of risk (or unreliability) and of ideas portraying the level of
risk (or unreliability) as being a largely unintended consequence
of variation in experience, conflict, and control. In both per-
spectives, one core idea is that the implicit trade-off between
the downside dangers and the upside possibilities of variability
is organized less by explicit calculation of their net attractive-
ness than by attending primarily to one or the other and relat-
ing the dangers (or possibilities) to a specific target. From this
point of view, for example, slack resources can be seen as focus-
ing attention on the advantages of greater variability and exper-
imentation rather than on the dangers.

The models have some claim to usefulness as descriptions of
risk-taking behavior. They seem to capture important empiri-
cal regularities. Specifically, they can show unstable risk-taking
behavior in the neighborhood of death, relatively high levels of
risk taking when slack resources are large, risk seeking for
losses and risk aversion for gains in the neighborhood of a tar-
get, a tendency to change risk preference over time with the
same resources, and a tendency to underestimate risks as a
result of favorable experience with them.

Exercising the models suggests the following three additional
descriptive attributes of variable risk taking. First, in most
cases as time goes on, the survivors in a cohort of risk takers will
tend to have resources that are fairly substantial, relatively high
aspirations for resources, and positive biases in their estimates
of the means of their own performance distributions. Second,
the rate at which a risk taker’s aspirations adjust to that risk
taker’s own experience is a significant factor in determining
risk preference. When aspirationsare self-referential, slow adap-
tation of aspirations to a risk taker’s own experience generally
leads to greater risk being taken than does fast adaptation. On
the other hand, when aspirations are tied to the performance of
superior others, fast adaptation tends to lead to greater risk
taking than does slow adaptation. Third, the way in which at-
tention is shifted from one reference point to another makes a
difference. For example, where attention is allocated to the two
reference points by a fixed-probability process, the level of risk
taking depends nonmonotonically on the likelihood of attend-
ing to the survival point.

The analysis here also confirms previous suggestions that
there may be broad survival advantages to variable risk taking
oriented to an adaptive aspiration level (J. G. March, 1988b).
The precise nature of those advantages depends, however, on
interactions among the rate of aspiration adjustment (Levitt &
March, 1988), the extent to which aspirations attend to one’s
own achievements compared to attention to others (Herriott,
Levinthal, & March, 1985), the extent to which the focus of
attention shifts between a survival point and an aspiration level
and the rules governing such shifts (Lopes, 1987), and other
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specifications of the situation (e.g., the correlation between risk
and return, the level of competition, and the “birth process” by
which eliminated risk takers are replaced). Thus, although it is
possible to see how rules such as those described here might
come to dominate risk strategies, it is not possible to rationalize
them unconditionally within the present framework.
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