
22

In the course of a day’s work, a
typical forest manager will make
numerous decisions based on lim-
ited or suspect information. These
decisions can’t be postponed, but
each carries with it a level of uncer-
tainty. The manager must consider a
number of questions, including:
• How reliable is the knowledge on

which my decision is based?
• If I am wrong, what might the

consequences be for the forest
ecosystem? 

• In what ways can the decision be
modified so that the effects of
being wrong are reduced?

• How can I explain my decision to
others? 

The answers to all these questions
require that the manager deals
explicitly with probabilities. At first
glance, this seems easy enough. We
routinely make judgements and
estimate probabilities in all aspects
of our lives. Unfortunately, most
people have trouble understanding
and using probability effectively,
even though it is a common
concept.

As an example, analyze the follow-
ing scenario, which is an adaptation of
a classic cognitive psychology problem.

Linda is  years old, single, out-
spoken, and very bright. She majored
in biology. As a student, she was

deeply concerned with issues of human
population growth and participated in
demonstrations against a shopping
mall development in her town.

Which of these statements about
Linda is more probable?
. Linda is a medical lab technician.
. Linda is a medical lab technician

and active in the environmental
movement.

If you answered , as most people
do, you’re wrong! Statement  is
actually more probable because the
group of lab technicians might
include environmentalists and also
people with different concerns. It is
more likely that someone will be in
the larger group of statement 
than the smaller group of statement .

Why do our intuitions about
probability lead us astray? Using
forest management examples, in this
extension note we discuss some
interpretations of probability and
the common difficulties that people
have with this concept. We also
describe recent advances in cognitive
psychology which suggest simple
ways to make probability more
“user-friendly.” The goal of this
extension note is to give managers a
better feel for the human elements
of probability and uncertainty—
what you’re embracing, how to avoid
common errors, and effective ways
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probability distributions.

Unfortunately, people are

not” (Walters, 1986:333).



to talk about probability in ordinary
language.1

As the importance of uncertainty
in forest management becomes
more widely recognized, managers
will increasingly encounter analyses
involving probabilities. This is the
first note of a series intended to
familiarize readers with the analysis
of uncertainty and its applications
to forest management. Subsequent
notes will introduce the basic ideas
of “Bayesian” statistics and decision
analysis.

What Do We Mean by
“Probability”?

As managers ponder decisions
fraught with uncertainty, they may
be thinking about probabilities in
any of several contexts. Here are
some examples of different interpre-
tations for ecological questions
which involve probabilities.

• Chance: random events, the
chance of winning a gamble.
“What is the probability that this
isolated wildlife tree will survive
next winter’s storms?”

• Plausibility: the credibility of a
story. “How probable is this
model? Do its details agree with
our accepted understanding of
forests?”

• Knowledge: the set of hypotheses
which should be considered.
“Should I consider the possibility
that the old-growth site index

seriously underestimates growth
and yield for this species?”

• Confidence: the degree of con-
fidence in a particular hypothesis.
“What is the probability that
thinning this lodgepole pine
stand will reduce damage by
squirrels?”

• Tendency: how “easily” a particular
outcome could occur. “What is the
probability that raptors are present
where a large snag is observed? Is
the snag a good indicator?”

• Controllability: the chance of a
good outcome seems to increase
when we feel we have control of a
situation. “How probable is it that
the riparian buffer width I have
selected will achieve the desired
water quality objectives?”

People tend to put all these ideas
together under the umbrella of
“probability.” However, each of these
ideas may give us very different esti-
mates of probability within a given
situation. For instance, suppose you
are trying to identify an unfamiliar
plant. Of the candidate species, you
may be able to reject all but one,
giving it a high knowledge probabil-
ity. However, if you know that this
species is rare in your area, you
would assign it a low confidence
probability.

Only two of the concepts are
readily compatible with the rigorous
analysis of probabilities needed for
forest management under conditions
of uncertainty. When numeric prob-
abilities are analyzed mathematically,
they must follow the rules of chance
probability. In addition, mathemati-
cal analyses use a formal definition
of the “probability of a hypothesis”
which is very close to confidence
probability. This probability is repre-
sented as a decimal fraction that
expresses how likely an event is to
occur, or how certain you are that a

particular variable will fall within a
given range—for example, the prob-
ability that a fire will occur at a
given spot in the next  years. The
other concepts, as familiar as they
seem, can cause trouble when peo-
ple try to think about probability
quantitatively (Teigen ). We will
examine some examples of this in
the next section.

Probability: The Bad News

Experiments in cognitive psychology
have shown that people—even those
comfortable with statistics—make
predictable mistakes when asked to
make intuitive judgements or
express their understanding about
numerical probabilities. These so-
called “cognitive illusions” (as a
parallel to “optical illusions”) seem
universal and resist correction.

Some well-known examples of
cognitive illusions follow.

Overestimation
People do not seem to understand
intuitively that a set of probabilities
covering all possible outcomes are
linked and must add to .. When
people in experiments are asked to
give probabilities for a list of partic-
ular events, they tend to overesti-
mate each individual probability,
and end up with a total probability
which is greater than ..

Example: People are asked to esti-
mate the probability that a ran-
domly chosen male student falls into
one of six normal height classes.
They overestimate the probability
for each category, and the total
probability for all the classes is ..

This illusion seems to occur
because people are thinking in a
tendency mode. A student could
“easily” be in any of the height
classes, so the probability of that
outcome gets overestimated.



 Anderson’s paper “Embracing uncertainty: The interface of Baysian statistics and cognitive psychology,” in Conservation Ecology (, in prep.) provides
more detail on this topic.



Conjunction Fallacy
When two hypotheses are both true,
or two events occur in the same time
period, they are said to be “in con-
junction” or “conjoint.” The probabil-
ity of two things being true simulta-
neously cannot be greater than the
probability that just one of them is
true. Despite this basic restriction,
people often tend to judge a conjoint
hypothesis as more probable than
one of its components—that is, they
commit the “conjunction fallacy.”

Example: The “Linda problem”
(from the first section of this note)
causes most people to commit the
conjunction fallacy. The problem
seems to occur because people sub-
stitute plausibility for probability.
The second statement, “Linda is a
medical lab technician and active in
the environmental movement,”
seems more plausible, given what we
know about Linda, even though its
probability is lower.

Illusion of Control
People tend to overestimate the
probability of a favourable outcome
when they feel they have control
over the situation.

Example: In a classic experiment,
people are told about both the odds
and the prize in a lottery and then
receive a lottery ticket. People in one
group choose the ticket themselves,
while others are handed a ticket sel-
ected by the experimenter. When
told they could sell their tickets,
people who had chosen tickets ask a
higher price than those who had not
chosen. Choosing the tickets seems
to inflate their subjective probability
of winning.

Controllability seems to distort
subjective estimates of probabilities
in this and many other situations.
Nearly everyone feels safer as a
driver than as a passenger!

Cognitive Illusions in Forest
Management

Because of these and other cognitive
illusions, formal and informal analy-
ses of probability are vulnerable to
biases whenever they involve people,
such as asking experts for probabil-
ity estimates, understanding and
using results, and even setting up
the analysis correctly. It is instructive
to consider how these cognitive illu-
sions could become troublesome in
management contexts.

Overestimation
This is likely a problem when experts
are asked to give isolated probability
estimates, either formally or infor-
mally. The estimate may be too
high, and if we try to use it along
with estimates for related hypotheses
from other sources, the total could
contain serious bias. For example,
we might ask a fire expert, an ento-
mologist, and a meteorologist to
estimate the probability that a stand
of trees will be destroyed in the next
 years by fire, insects, or wind-
throw, respectively. If each of these
single estimates is biased upward,
the total probability for the stand’s
destruction within the time period
could be seriously overestimated.

Conjunction Fallacy
This illusion could cause trouble
when you try to estimate, analyze,
or discuss the probability of con-
joint hypotheses. For example, a
model with many assumed or
uncertain parameters may seem
more plausible (and hence more
probable) than a simpler one, if it
explains the data better or tells a
“better story.” In fact, it can be true
only if it is a good representation of

reality and all its parameter values
are also true. As an example,
Hansen et al. () presented a
detailed model of forest growth and
yield, including habitat response of
 species of birds. The authors
appropriately discussed numerous
questionable assumptions, but it is
still difficult to assess how different
the results might look if these
assumptions were false. The reader
comes away with a vivid picture of
the forest ecosystem’s responses to
silviculture regimes over  years.
Nonetheless, in reality the probabil-
ity of the result set might be low
because so many assumptions must
be true at the same time.

Illusion of Control
Resource managers and decision
makers should be especially con-
cerned about the illusion of control.
They experience cues which suggest
that they control outcomes, but the
actual degree of control is often
unknown. Thus, the very people
who know most about the system at
hand may have difficulty when esti-
mating their “likelihood of success”
for achieving particular outcomes.
For example,

[R]esource managers . . . often aim

to achieve constancy through exter-

nally imposed regulations, attempt-

ing to reduce the probability of

events that are perceived as ecologi-

cally or economically undesirable,

such as floods, pest outbreaks, and

fire . . . these examples share the

common feature that a blind attempt

to control some “undesired” ecologi-

cal or economical effect has been

successful only over a short span of

time (De Leo and Levin :).

The difficulties that people expe-
rience with numerical probabilities
are a widely recognized barrier to
effective communication about
uncertainty. Elaborate procedures for
“expert elicitation” have been
devised to assist experts asked to





provide formal probability estimates
(Morgan and Henrion ). How-
ever, the procedures are cumber-
some and their effectiveness is not
fully established. Fortunately, recent
research in cognitive psychology
suggests methods which may simp-
lify expert elicitation by improving
the expert’s ability to deal with
probabilities.

Probability: The Good News

Cognitive psychologists are beginning
to understand why cognitive illusions
occur and how to avoid them. The
good news, in brief, is that people can
process uncertain information accu-
rately if it is presented in an easy-to-
use format, and if we understand the

various probability concepts and
communicate them specifically. These
simple strategies can:
• enhance the performance of

experts when we ask them for
probability estimates;

• help readers understand and use
the results of statistical analyses;
and

• improve communication when we
talk informally about uncertain-
ties (Teigen ; Gigerenzer and
Hoffrage ).

Some differences between fre-
quency and probability appear in
Table . Probability here refers to
probability of a particular hypothe-
sis or event. It is also called “single-
event probability.”



What Else Is Tricky About Prob-
abilities?

Probability estimates differ funda-
mentally from other variables, such
as timber yield for a particular
stand or population density for a
species. Here are two examples of
those differences and the problems
they can cause.
• Context dependence: You can’t

remove a probability estimate
from one context to use it in
another. A probability estimate of
timber yield for western hemlock
in the Coastal Western Hemlock
zone can be used in an appropri-
ate model, but this estimate is
valid only in the specific context
(i.e., specific species and zone)
for which it was estimated.

• Error dependence: Because
probability estimates for a related
group of outcomes are inter-
dependent, an error (or bias) in
one estimate produces opposite
errors in other values for the
group. For example, if you over-
estimate the probability that
global warming will occur over
the next 50 years, you automati-
cally underestimate the probabil-
ity that global climate will stay
the same or become cooler.

Probability

Example: “The probability of a lightning

strike in the Stein watershed next

August 13 is 0.24.”

• Is expressed as a percentage or decimal

fraction between 0 and 1.0 (e.g., 0.24).

• Refers to the chance (or degree of

certainty) that a particular hypothesis is

true or that a particular event will

occur (a lightning strike next August 13).

• Conforms to the mathematical rules of

probability, which are difficult to

understand and communicate. (The

probability of no strike next August 13

must be 0.76 because the probabilities

must add to 1.0).

• Is not observable.

• Is very difficult for humans to process

correctly.

Frequency

Example: “Lightning has struck 12 times

on August 13 in the Stein watershed, dur-

ing the 50 years for which we have data.”

• Is expressed as a count of individuals

or events in a subset of a larger refer-

ence class (e.g., 12 years out of 50 for

which we have data).

• Refers to the reference class (50 years

for which we have data on the Stein)

and its subsets (12 years with lightning

strikes on August 13), not a particular

event or case.

• Conforms to the rules for counting

and sets (groups), which are easy to

understand and communicate. (The set

of 50 years for which we have Stein data

contains 12 members with lightning

strikes on August 13 and 38 without).

• Is observable and easy to picture in

one’s mind.

• Is easy for humans to process correctly.

Young children in elementary school

easily learn simple operations with

counting and sets.

  Probabilities versus frequencies



Mathematically, probabilities and
frequencies are closely related. If you
know the frequency of lightning
strikes on August  over many years
of observations in the Stein Valley,
this frequency, when expressed as a
proportion of the total, gives you the
probability that lightning will strike
on August  in any particular year.

Despite this relationship, our
minds can process frequencies with
more ease than single-event proba-
bilities. In addition, using the fre-
quency format encourages us to
categorize items as members of well-
defined reference classes, which takes
advantage of our natural ability with
language. Because categories can be
named and talked about, they are
easier to remember and process
mentally than abstractions or single
cases. Also, if you ask experts for
information, they seem best able to
organize and communicate their
own knowledge when they can pic-
ture the category they’re considering
(Brunner et al. ).

Avoiding Cognitive Illusions:
Practical Suggestions

Let’s revisit the three cognitive
illusions described previously to
see how manipulating the data for-
mat improves judgement about
probabilities.

Overestimation
People seem less prone to over-
estimate when asked to estimate
frequencies rather than probabilities.
This suggests that using the fre-
quency format ought to bring
benefits when we ask an expert for
a probability estimate.

Compare the following two
questions.

Probability format: “What is the
probability that this population of
spotted owls is increasing? Stable?
Decreasing?”

Frequency format: “Picture 

populations of spotted owls in

Coastal Western Hemlock zone
forests in a Timber Supply Area.
How many populations do you
think are increasing? How many
are stable? How many are
decreasing?”

The concrete image of frequency
helps the expert avoid overestimation
because he can visualize how many
populations are still left to be
assigned to other categories, and
both the expert and the manager
will be aware if the total count
exceeds .

Conjunction Fallacy
Using the frequency format seems to
clarify situations in which people
may have to understand probabilities
associated with things that are
considered jointly. For example, in
the “Linda problem,” most people
avoid the conjunction fallacy when
asked, “Picture  women like Linda.
How many do you think are medical
lab technicians? How many are med-
ical lab technicians and active in the
environmental movement?”

Compare the following questions,
which might be addressed to an
expert.

Probability format: “What is the
probability that the population of the
Pacific giant salamanders in British
Columbia is declining? What is the
probability that it is declining and
disappearing from marginal habitats?”

Frequency format: “Imagine 

populations of the Pacific giant sala-
mander in forested mountain
streams of British Columbia. How
many are declining? Of those, how
many are disappearing from mar-
ginal habitats?”

It is clear from the frequency ver-
sion that some cases of population
decline might not be associated
with the animal disappearing from
marginal habitat.

Illusion of Control
In experiments, the illusion of
control disappears when people are

encouraged to consider repeated
outcomes of the uncertain situation.
For example, the people who over-
estimated the value of the lottery
tickets which they selected no longer
did so when they could choose
several tickets.

In a forest management context,
the illusion of control might be
minimized if we consider a number
of replicated management decisions.
Compare the questions we might
ask a planner who is designing a
forest ecosystem network to main-
tain biodiversity within a watershed.
The frequency version makes it eas-
ier to imagine that the landscape
management plan might produce
variable results.

Probability format: “What is the
probability that this watershed, for
which you have planned a forest
ecosystem network, will retain all
 species of passerines  years
from now?”

Frequency format: “Picture 

watersheds like this one. For each,
you have planned a similar forest
ecosystem network. How many will
retain all  species of passerines
 years from now?”

Are Humans Good, Intuitive
Statisticians After All?

For a long time, researchers in
psychology interpreted cognitive
illusions as inherent flaws in human
reasoning about uncertainty. How-
ever, some researchers question





whether natural selection would
produce a faulty mechanism for
such an important function.
Gigerenzer (), Gigerenzer and
Hoffrage (), and Cosmides and
Tooby () suggest that the
human mind includes mechanisms
that accurately process information
about uncertainties in the environ-
ment. However, like a calculator
these mechanisms operate success-
fully only if specific requirements
are met.
• Input and output must be in the

appropriate format.
• The right calculations must be

activated.
For instance, if you type Roman
numerals into your calculator, or hit
the multiplication button when you
want to add, you won’t get the right
answer!

Why is Frequency Format Better?
During the period when the
human brain was evolving rapidly,
our ancestors did not use decimal
fractions. However, they probably
could keep track of the frequencies
of important events in their
environment, as many other animals
seem to do: “In my last  hunting
trips in this valley, I’ve killed
mastodons six times.” It is not sur-
prising that we are more comfort-
able when inputs and outputs are
frequencies.

How Do We Activate The Right
Calculations?
We use the word “probability” to
refer to a number of quite different
ideas, such as chance, plausibility,
degree of knowledge, confidence,
tendency, and controllability. Our
brains seem to process information
in ways that are specifically appro-
priate for each context, just as a cal-
culator carries out a different set of
calculations when you press different
function keys. In scientific problems
involving uncertainty, we expect
“correct” answers to be produced by

the rules of probability mathematics,
which is closest to the concept of
chance. If we unintentionally
activate a different probability con-
cept in the person we’re talking to,
then that person’s thought processes
will seem to produce a “wrong”
answer.

As we have seen, cognitive illu-
sions diminish when the uncertain
data are expressed as frequencies
rather than decimal probabilities.
This small change seems to satisfy
both requirements for accurate pro-
cessing—the format is “expected” by
our brains, and it activates the
chance concept, which helps us
follow the mathematical rules of
probability.

Conclusions

• To use information about uncer-
tainty effectively in forest manage-
ment contexts, people must be
able to understand, remember,
and talk about it in ordinary
language.

• “Probability” may imply different
meanings in different situations.
Make sure you understand the
intended meaning.

• Translate numerical probabilities
into the concrete images of fre-
quencies and reference classes
whenever possible.
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