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Abstract
This report stems from a literature review exploring human decision-making biases, decisionmaking approaches and models, and possible ways to mitigate the biases inherent in human
decision-making, with a specific focus on decision-making in military contexts.
This report has six chapters. Chapter 1 provides a project background, scope, work items and
deliverables. Chapter 2 discusses the method used to conduct the literature search, describes the
review process and structure of the report and discusses some limitations of this review. Chapter 3
provides an overview of the most common human decision-making biases. These include a range
of biases, including reliance on availability and representativeness heuristics, hindsight bias and
anchoring and adjustment biases. Chapter 4 reviews models and approaches associated with the
two dominant approaches to decision-making, including analytic or naturalistic perspectives.
Chapter 5 reviews research and theory relevant to how human decision-making biases can be best
mitigated. Chapter 6 concludes the report by exploring some potential future options for furthering
this line of research in order to meet the current goals of the Scientific Authority.
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Résumé
Le présent rapport découle d’un examen de la littérature qui explore les biais dans la prise de
décision chez les humains, les approches et les modèles de prise de décision et les moyens à notre
disposition pour atténuer les biais inhérents à la prise de décision chez l’humain, en portant une
attention particulière à la prise de décision dans les contextes militaires.
Le présent rapport comporte six chapitres. Le chapitre 1 donne le contexte du projet ainsi que sa
portée, les éléments du travail ainsi que les livrables. Le chapitre 2 discute de la méthode utilisée
pour effectuer la recherche, décrit le processus d’examen et la structure du rapport et discute
certaines limites de cet examen. Le chapitre 3 donne un aperçu des biais les plus communs
observés dans la prise de décision chez les humains. Parmi ceux-ci on compte toute une gamme de
biais, notamment la dépendance sur les heuristiques sur la disponibilité et la représentativité, les
biais rétrospectifs, les biais d’encrage et d’ajustement. Le chapitre 4 passe en revue les modèles et
les approches associées avec les deux approches dominantes de la prise de décisions, notamment
les perspectives analytique et naturaliste. Le chapitre 5 passe en revue la recherche et la théorie
pertinente sur la façon dont les biais dans la prise de décision chez les humains peuvent être
atténués. Finalement, le chapitre 6 conclut le rapport en explorant quelques options additionnelles
pour poursuivre cette recherche afin de répondre aux objectifs actuels de l’autorité scientifique.
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Executive Summary
Human decision-making biases
Barbara D. Adams, Lisa Rehak, Andrea Brown and Courtney D.T. Hall,
Humansystems® Incorporated
This report stems from a literature review exploring human decision-making biases, decisionmaking approaches and models, and possible ways to mitigate the biases inherent in human
decision-making, with a specific focus on decision-making in military contexts.
This report has six chapters. Chapter 1 provides a project background, scope, work items and
deliverables. Chapter 2 discusses the method used to conduct the literature search, describes the
review process and structure of the report and discusses some limitations of this review.
Chapter 3 provides an overview of the most common human decision-making biases. These
include a range of biases, including reliance on availability and representativeness heuristics,
hindsight bias and anchoring and adjustment biases. Each of these biases is defined and described
in terms of the factors that promote the bias (e.g., informational, situational, and individual factors)
as well as the common effects of each bias. Statistical biases (e.g., conjunction errors, regression to
the mean) and social biases (e.g., fundamental attribution error, and ingroup biases) are also
explored.
Chapter 4 reviews models and approaches associated with the two dominant approaches to
decision-making. Specifically, human decision-making is typically described from either an
analytic or rational perspective, or from a naturalistic or intuitive perspective. Within each of these
traditions, models and approaches address decision-making overall (e.g., expected utility theory),
as well as decision-making within military contexts (e.g., Canadian Operational Planning Process –
CFOPP). These two approaches to decision-making, of course, have distinct strengths and
weaknesses, and are likely to be subject to distinct decision-making biases. Analytic decisionmaking processes are likely to be most helpful optimal when the goals relevant to the decision are
well defined, when the available information is complete and when there is little time pressure.
However, in highly ambiguous and time sensitive situations, analytic approaches are less effective.
Key strengths of naturalistic decision-making include maximal use of experience and expertise, and
quick and efficient completion of the decision-making process. However, NDM approaches have
also been criticized because they do not require a full analysis of the available options. This could
lead to a decision maker overlooking an excellent solution that they would have considered if they
had taken the time to consider all the alternatives.
Chapter 5 reviews research and theory relevant to how human decision-making biases can be best
mitigated. The literature suggests that a range of efforts have been undertaken, including those
focused on the decision maker (e.g., feedback, accountability, training), and those focused on some
aspect of the decision task (e.g., framing, decomposition). Some tools have also been developed to
attempt to mitigate biases, including systematic processes intended to promote contradictory
thinking and decision support systems that assist people making decisions.
Chapter 6 concludes the report by exploring some potential future options for furthering this line of
research in order to meet the current goals of the Scientific Authority.
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Sommaire
Human decision-making biases/ Biais dans la prise de décisions chez
les humains
Barbara D. Adams, Lisa Rehak, Andrea Brown and Courtney D.T. Hall,
Humansystems® Incorporated
Le présent rapport découle d’un examen de la littérature qui explore les biais dans la prise de décision chez
les humains, les approches et les modèles de prise de décision et les moyens à notre disposition pour atténuer
les biais inhérents à la prise de décision chez l’humain, en portant une attention particulière à la prise de
décision dans les contextes militaires
Le présent rapport comporte six chapitres. Le chapitre 1 donne le contexte du projet ainsi que sa portée, les
éléments du travail ainsi que les livrables. Le chapitre 2 discute de la méthode utilisée pour effectuer la
recherche, décrit le processus d’examen et la structure du rapport et discute certaines limites de cet examen.
Le chapitre 3 donne un aperçu des biais les plus communs observés dans la prise de décision par les humains.
Parmi ceux-ci, on compte toute une gamme de biais, notamment la dépendance sur les heuristiques sur la
disponibilité et la représentativité, les biais rétrospectifs, les biais d’encrage et d’ajustement. Chacun de ces
biais est défini et décrit relativement aux facteurs qui le sous-tendent (p. ex., les facteurs relatifs à
l'information, à la situation et aux individus), ainsi que les effets les plus communs de chaque biais. Les biais
statistiques (p. ex., les erreurs de conjonction, la régression à la moyenne) et les biais sociaux (p. ex., l’erreur
fondamentale d’attribution et les biais propres au groupe) sont également passés en revue.
Le chapitre 4 passe en revue les modèles et les approches associés avec les deux approches dominantes de la
prise de décisions. Plus précisément, la prise de décision chez les humains est normalement décrite d’un
point de vue analytique ou rationnel, ou alors d’un point de vue naturaliste ou intuitif. Dans chacune de ces
perspectives, les approches et les modèles abordent la prise de décision dans son ensemble (p. ex., la théorie
de l’utilité escomptée), ainsi que la prise de décision dans un contexte militaire (p. ex., le Processus de
planification opérationnelle des Forces canadiennes – PPOFC). Bien entendu, ces deux approches à la prise
de décision ont des forces et des faiblesses et sont probablement soumises à des biais de prise de décision
distincts. Les processus analytiques de prise de décision ont plus de chance d'être utiles lorsque les objectifs
relatifs à la décision sont bien définis, lorsque l'information disponible est complète et qu’aucune contrainte
de temps n’existe. Toutefois, dans les situations très ambiguës et où le facteur temps est important, les
approches analytiques ne sont pas aussi efficaces. Les principaux points forts de la méthode naturaliste de
prise de décision sont l’utilisation maximale de l’expérience et de l’expertise, et un processus de prise de
décision rapide et efficace. Cependant, les approches naturalistes de prise de décision ont également fait
l'objet de critiques, car elles ne nécessitent pas une analyse complète de toutes les options disponibles, ce qui
pourrait mener à une décision qui ferait fi d'une excellente solution qui aurait autrement été prise en
considération si on avait tenu compte de toutes les solutions possibles.
Le chapitre 5 passe en revue la recherche et la théorie pertinente sur la façon dont les biais dans la prise de
décision chez les humains peuvent être atténués. La littérature examinée laisse entendre que toute une gamme
d'efforts a été déployée, y compris ceux qui se concentrent sur certains aspects de la décision (p. ex.,
rétroaction, reddition de comptes, formation) ainsi que ceux qui se concentrent sur certains aspects de la
tâche de décision (cadrage, décomposition). Certains outils ont également mis au point pour essayer
d’atténuer les biais, y compris des processus systématiques destinés à encourager le raisonnement
contradictoire et les systèmes de soutien à la prise de décision qui aident les gens à prendre des décisions.
Finalement, le chapitre 6 conclut le rapport en explorant quelques options additionnelles pour poursuivre
cette recherche afin de répondre aux objectifs actuels de l’autorité scientifique.
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1. Introduction
1.1

Background

Time-constrained planning is required when an unexpected event necessitates the immediate
intervention of military personnel. To support the tasks of military planners in such context, and
contribute to more robust decision-making process in an operational command post, military
researchers need to understand the potential for human decision-making biases to influence
decision-making under pressure and time constraint. This project will explore these biases in
relation to decision-making approaches and models while also considering potential solutions that
have been identified in the literature to compensate for these biases.

1.2

Scope

The literature review will describe existing theory and research on human decision-making biases
and decision-making approaches and model. It will also integrate and examine specific biases in
decision-making approaches and models, and identify possible solutions to reduce these biases.
According to the initial statement of work, this literature review would ideally include:
•

A complete description of each bias, a characterization of each bias, an existing tool or
approach that would compensate for each bias, and potential Subject Matter Experts
(SME) for each bias.

•

A complete description of each approach/model, a characterization of each model, a
characterization of the context of use, an existing tool that would support the model, and
potential Subject Matter Experts (SME) for each bias.

•

A list of each bias and the impact on the approach/model.

•

Possible solutions to compensate for the bias for each approach/model.

•

Strong recommendations to DRDC Valcartier for future research activities.

1.3

Work Items

The following work items were undertaken:
•
•
•

A search of the literature to identify relevant journal articles, reports, books, etc.,
pertaining to human decision-making biases. More than 200 articles were identified.
Approximately 100 articles were selected from those identified in the search and were
reviewed.
A DRDC contractor report documenting the results of the literature review, the identification of
biases in decision-making models and possible solutions.
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1.4

Deliverables

The following table presents the deliverables that were created under this contract:
Table 1. Deliverables
Task
Perform literature review on human
decision-making biases

Perform literature review on decisionmaking approaches and models

Identification of decision-making
biases in decision-making
approaches/models and identification
of possible solutions
Production of final report and
presentation
Meetings and progress reports

Page 2

Deliverable
•
•
•
•
•
•
•
•
•
•
•
•
•

Taxonomy
Descriptive forms
Synthesis grid
Global synthesis grid
Report for task 1
Taxonomy
Descriptive forms
Synthesis grid
Global synthesis grid
Report for task 2
Descriptive forms
Synthesis grid
Report for task 3

•
•
•
•

Report – draft
Report – final
Briefing material
Agenda and minutes for
each meeting Progress
reports
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2. Method and Results
2.1

Keywords

We developed a set of keywords (see Table 2) for the literature search based on our experience
with the pertinent scientific/psychological, human factors, and military domain during a
brainstorming session with all the literature review team members. These keywords were chosen
because they focused the search on topics directly related to biases within applied contexts and
were intended to identify any other related theoretical approaches or conceptualizations that might
be relevant.
Table 2. Keywords
Core Concept
Decision-making

Models
Contexts
Features of the
Context
Biases
Debiasing
Heuristics
Types of Cognitive
Biases

Types of Social
Biases
Team
Relevant Team
Concepts

Primary Keywords
Reasoning, perception, judgment, problem solving, intuiti*, rational, naturalistic,
choice, assessment, resolution, dilemma, evaluation, information processing,
evidence, deductive, inductive, inference, analytic, counterfactual, critical thinking
CECO, OODA, fast and frugal, recognition-primed, support theory
Military, crisis, operational, strategic, tactical, command and control, planning,
emergency, nuclear, police, fire fighting
Risk, complexity, uncertainty, ambiguity, problem space, time pressure, applied
Error, systematic, illogical, fallacy, probability judgement, preconception, human,
motivation
Solution, prevention, alleviation, misuse, strategy
Availability, representative, affect
Statistical, non statistical, confirmation, conjunction fallacy, base rate (misuse),
sample size, regression to the mean, congruence, overconfidence, calibration
error, framing, anchoring, adjustment, loss aversion, contrast effects, causal
attribution, hindsight, illusory correlation, response bias, magical thinking, extreme
aversion, illusion of control, information bias, reactance, attentional, clustering
illusion, optimism
Fundamental attribution error (actor/observer), motivated reasoning, egocentric
bias, false consensus effect, halo effect, ingroup bias, social categorization,
stereotypes, prejudice, herd instinct, just-world phenomenon, self-serving bias
Teamwork, group, work group, crew, organization
Ad-hoc, interagency, multiagency, multinational, multicultural, joint, joint
operations, joint services, task force, special forces, interdisciplinary, hierarchical,
rank

The core concept keywords are the most important words to be used in the search, as they represent
the broad relevant constructs likely to be of importance. As necessary, the primary keywords will
be used in order to ensure sampling of literature from several different areas within the core
construct, and their use will be guided by what emerges during the initial core concept searches.
For example, when searching with the “decision-making” core construct, primary keywords such
as “reasoning” and “perception” may or may not emerge. The purpose of the primary keywords,
then, is to ensure that research related to several different aspects of decision-making is tapped.
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2.2

Databases

The following databases will be accessed for scientific/academic and military literature:
Table 3. Databases
Database (Web
Address )

Description

PsycINFO
(http://www.psycinfo.c
om)

The PsycINFO database is a collection of electronically stored bibliographic references,
often with abstracts or summaries, to psychological literature from the 1800s to the
present. The available literature includes material published in 50 countries, but is all
presented in English. Books and chapters published worldwide are also covered in the
database, as well as technical reports and dissertations from the last several decades.

SciSearch
(http://library.dialog.c
om)

Social SciSearch® database, which is an international, multidisciplinary index to the
literature of the social, behavioral, and related sciences, produced by the Institute for
Scientific Information (ISI®). Social SciSearch contains all of the records published in
the Social Sciences Citation Index. Social SciSearch offers some unique information
retrieval techniques. In addition to the more conventional methods, Social SciSearch
offers citation indexing, which permits searching by cited references. For records added
since March 1991, author keywords and KeyWords PlusTM can also be searched.

NTIS
(http://www.ntis.gov/)

NTIS is an agency of the U.S. Department of Commerce’s Technology Administration.
It is the official source for government sponsored U.S. and worldwide scientific,
technical, engineering, and business related information. The database contains almost
three million titles, including 370,000 technical reports from U.S. government research.
The information in the database is gathered from U.S. government agencies and
government agencies of countries around the world.

CISTI
(http://cat.cistiicist.nrccnrc.gc.ca/se
arch)

CISTI, the Canada Institute for Scientific and Technical Information, houses one of the
world's most comprehensive collections of publications in science, technology and
medicine. It is one of the world's major sources for information in all areas of science,
technology, engineering and medicine. CISTI can provide electronically articles from
journals, in depth literature searches, or referral to experts.

INSPEC

The Inspec database contains over 10 million bibliographic abstracts and indexing to
journal articles, conference proceedings, technical reports and other literature in the
fields of science and technology.
Inspec provides comprehensive coverage of traditional and cutting-edge publications in
the specific fields of physics, electrical and electronic engineering, communications,
computer science, control engineering, information technology, manufacturing and
mechanical engineering.

WWW

2.3

The World Wide Web was also searched.

Review of Articles

Once final articles were obtained, researchers began to review and write on the articles that
pertained to various sections of the report. Literature reviews were integrated into one of the biases
categories, decision-making approaches/models categories, or how to eliminate/reduce the bias. In
all, more than 100 articles were reviewed.
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2.4

Structure of the Report

Chapter 1 of this report provides some background about this project, and presents the scope and
deliverables. The current chapter describes the method used to initiate the review and to find and
choose the articles for this review. Chapter 3 examines human decision-making biases, including a
complete characterization of each bias. Chapter 4 describes the decision-making models and
approaches, including a complete characterization of each model/approach. Chapter 5 examines the
tools and approaches available to reduce or eliminate each bias. These approaches cover both
human-centred and technological.

2.5

Limitations

Any report with this scope and magnitude is likely to be subject to a range of limitations. First, it
would be impossible to cover so many diverse topics in detail while ensuring an optimal level of
depth. We were required to limit our review to what we perceived to be the best and most relevant
articles. At the same time, however, it would have been impossible to capture the full range of
discussion and depth around any one specific issue. As such, our review hopefully provides a
sample of the best literature, but necessarily overlooks many other nuances in the literature. For
example, this review could obviously not address every possible model or approach relevant to
human decision-making, but we aimed to cover the most prominent and relevant models and
approaches. Similarly, there are literally hundreds of human decision-making biases noted in the
literature, and it would have been impossible to address each in detail. Instead, our analysis focused
on the most common biases noted in the literature, and the ones with the best theoretical and
empirical support.
Another limitation of this review is simply that some areas of the literature remain more
underdeveloped that would be optimal. For example, although it is clear that both analytic and
naturalistic decision-making approaches are both likely to be subject to decision-making biases,
there is relatively little direct discussion of which processes are subject to which exact biases.
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3. Human Decision-Making Biases
This chapter begins with a general overview of human decision-making biases and errors, followed
by description of the prominent biases in the research literature (and some of their variants).

3.1

Introduction

In thinking about human decision-making biases and errors, it seems important to define what
biases are. According to Merriam-Webster, bias can be defined as “an inclination of temperament
or outlook; especially a personal and sometimes unreasoned judgment.” Arnott (2002, p. 4)
describes human biases as “predictable deviations from rationality.” Merriam-Webster (2008)
defines bias as “systematic error introduced into sampling or testing by selecting or encouraging
one outcome or answer over others”. There is some sense, then, that human decision-making biases
simply represent failures to make optimal decisions in all situations. This suggests that if it would
be possible to identify the most rational choice in a given situation, and to see the extent to which a
typical person’s choice vary from this optimal decision, it would be possible to fully understand
and capture human bias. The problem, of course, is that many situations are simply not amenable to
the clarity needed to establish the “gold standard” for every decision in every situation.
Some authors have protested the use of the term “bias” because this term “…has a strong negative
connotation for most people.” (Arnott, 2002, p. 4). Moreover, he also argues that the term is also
somewhat misleading because “…the action of biases is generally a source of decision
effectiveness.” This is a critical distinction, and one which is supported by many other decisionmaking theorists and researchers. Ironically, reliance on the heuristics that can promote biases
represents critical short-cuts that people must use to simplify their worlds. The majority of time,
this reliance helps us to perform most efficiently and typically effectively. At the same time, as
Arnott (2002, p. 4) notes, the biases that emerge, “…can have a negative effect and it is the
tendency of biases to lead to poor outcomes in important and novel decisions”.
It is also critical to make a distinction between errors and human decision-making biases. Of
course, there is a large body of literature showing that people are prone to making a range of errors
when working in complex environments. The primary distinction is that human decision-making
biases represent systematic rather than random errors. Theorists and researchers have argued that
what distinguishes true human biases from other types of human errors is the fact that they are
systematic and even somewhat predictable (Gilovich, Griffin & Kahneman, 2002). This suggests
that errors represent a broader outcome of some decision-making processes, with some of these
errors being a random product of the situation or operator, and some representing actual human
decision-making biases at play. Moreover, although human decision-making biases are typically
believed to be more prevalent in situations with high levels of time pressure, complexity and
uncertainty, they have been equally shown to be prominent human tendencies across a range of
situations and circumstances, and occur even in low intensity situations. The key to biases, then,
requires understanding why people are prone to select or “encourage” one outcome or answer over
another.
The term “bias” is often used in tandem with the term “heuristics” so it is essential to also
understand what heuristics are. In short, psychological research has shown that people use
heuristics to simplify their environments. When making a decision, for example, people may create
and use a shortcut or a “rule of thumb” in order to make a decision. Simon (1990; as cited in Shah
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and Oppenheimer, 2008) declares that heuristics are “methods for arriving at satisfactory solutions
with modest amounts of computations” suggesting that people seek to reduce the effort associated
with decision processes (Simon, 1990; cited in Shah and Oppenheimer, 2008, p. 207). This would
further define a heuristic as a rule of thumb that allows “decision makers to process information in
a less effortful manner than one would expect from an optimal decision rule” (p. 207, Shah and
Oppenheimer, 2009). These shortcuts may involve, for example, relying on known (rather than
unknown) sources of information, or using rough gauges rather than established sources of
information. Heuristics help to simplify our environment and aid the decision-making process.
However, some prominent researchers have argued that the meaning of the term “heuristics” has
gradually been changing. Goldstein and Gigerenzer (2002, p. 75) note that “From its introduction
into English in the early 1800s up until about 1970, the term heuristics has been used to refer to
useful and indispensable cognitive processes for solving problems that cannot be handled by logic
and probability theory”. According to them, heuristics have now been cast as “poor surrogates for
optimal procedures” or used to “account for discrepancies between these rational strategies and
actual human thought processes” (Goldstein and Gigerenzer, 2002, p. 75). Researchers make a
similar point in a more recent article, lamenting that “The word ‘heuristic’ has lost its meaning.
That is to say, researchers have used the word so widely as to render it a vague, catch-all term for
explaining decision processes.” (Shah and Oppenheimer, 2008). As Gilovich et al. (2002) point
out, reliance on heuristics (in and of themselves) is not necessarily wrong or irrational. In fact,
heuristics are adaptive, as they both simplify the decision-making process, and are often accurate. It
should be clearly noted that reliance on heuristics is an important aspect of human functioning.
Without using representativeness heuristics as a guide, for example, it would literally be impossible
to function effectively. As such, even with some downside, the heuristics to be discussed in the
sections that follow are still an important and necessary, even though there are many situations in
which they can promote suboptimal decision-making. From this perspective, then, reliance on
heuristics is critical to decision-making, and the value as well as the dangers of heuristic reliance
both need to be recognized.
The formal study of heuristics and biases is commonly defined to have started in 1974, with
seminal psychological research by Tversky and Kahneman (1974). This program of research began
at a time when rational accounts of decision-making were dominant. According to the rational
choice model, people making decisions simply estimate the probabilities of possible outcomes,
decide on the value or utility of each, and combine these two judgements in a way that optimizes
their outcomes. According to this perspective, then, as long as people are able to estimate the
likelihood of a given outcomes and to decide on its value to them, they will make the “correct”
decisions. As Gilovich, Griffin and Kahneman (2002, p. 1) argue, “Proponents of the theory do not
insist that people never make mistakes in these calculations, but they do insist that the mistakes are
unsystematic.” This stands in sharp contrast to the “heuristics and biases” approach, which argues
that biases play a persistent role in human decision-making.
Moreover, these heuristics are not necessarily a product of “…problems of excessive complexity or
an overload of information, but normal intuitive responses to even the simplest questions about
likelihood, frequency and prediction” (Gilovich et al., 2002, p. 3). This suggests that reliance on
heuristics is not necessarily solely because of the complexity of the problem space. Nonetheless,
even though heuristics are a necessary aspect of human cognition and functioning, reliance on
heuristics can lead to biases and errors. For example, if there is a plane crash in the news, we may
believe plane crashes occur more frequently than they actually do. We may make such an
erroneous judgement because we rely on information that is readily available in our minds (i.e.,
availability heuristic).
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In the sections that follow, we explore the common human errors and biases noted in the literature,
starting with the two most common heuristics that lead to systematic human errors and biases: the
availability heuristic and the representativeness heuristic.

3.2

Availability Heuristic

The availability heuristic is said to be used when “…an event is judged to be more likely or
frequent if it is easy to imagine or recall relevant instances” (Slovic, Fischhoff and Lichtenstein,
1977, p. 4). Information that is more salient or easier to recall (e.g., can be easily retrieved) is used
when making judgements about the frequency or likelihood of an event occurring. Tversky and
Kahneman (1972, p. 3) argue that relying on the salience and/or availability of an object or event
makes sense because “availability is an ecologically valid clue for the judgment of frequency
because, in general, frequent events are easier to recall or imagine than infrequent ones”. The
problem is that factors unrelated to the actual frequency or probability of an object or event can
influence our estimates. These factors include familiarity, recency and emotional saliency.
Examples of the availability heuristic are relatively easy to find. For instance, we are more likely to
think that plane crashes are frequent occurrences after a plane crash has been widely reported in the
media. This is because the plane crash is in the forefront of our minds. If we are required to
estimate the probability of a plane crashing on a given day, if we can easily recall examples of
other plane crashes, we are more likely to estimate plane crashes as being more likely than they
actually are. The key to the availability heuristic is the ease with which we can retrieve cues about
the prevalence of the event. Our ability to retrieve these cues can make our actual estimates
inaccurate, such that we overestimate the probability of an event occurring. More specific
information about the availability heuristic is provided in Table 4.
Table 4. Availability heuristic
Name of Bias:

BIASES INDUCED BY USE OF AVAILABILITY HEURISTICS

Definition and explanation of the
bias

Estimating the probability or frequency of an event by the ease with which
instances or associations come to mind (Tversky & Kahneman, 1972)

How exactly does it occur?

Frequent or salient events are easier to recall or imagine than infrequent or less
accessible events (Tversky & Kahneman, 1972)

Individual factors that promote the
bias (examples)

Motivation, restricted focus

Information-related factors
promote the bias (examples)

Presenting information in a narrative structure can increase the availability bias “One may evaluate likelihood by attempting to construct stories, or
scenarios…The plausibility of such scenarios, or the ease with which they come
to mind, can provide a basis for the judgment of likelihood” (Tversky &
Kahneman, 1972, p. 27)

that

Similarity of the target judgment to a previous or salient judgment - “Subjective
probability may depend primarily on the similarity between that instance and the
case under consideration. If the two are very similar, then one expects that what
has happened in the past will recur.” (Tversky & Kahneman, 1972, p. 27)
Vividness. Information that we find vivid or concrete has more impact on our
thinking than pallid or abstract information, even if the abstract information is
better evidence. Information that we perceive directly is more likely to be available
than information we receive second hand. Case histories and anecdotes are also
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Name of Bias:

BIASES INDUCED BY USE OF AVAILABILITY HEURISTICS
more likely to be available than abstract aggregate or statistical data (Heuer,
1999; as cited in Jones, 2005).
Salience. Colourful, dynamic or other distinctive stimuli engage our attention. This
can be undesirable when such stimuli disproportionately engage our attention and
impact our judgment (Jones, 2005).

Situational factors that promote the
bias (examples)

High workload or distractions can make reliance on availability more probable

Effect of the bias

When determining the probability an event is likely to occur, events that have
happened recently and those that are more salient in the mind, will be determined
to happen more frequently than events that have happened in the past or are less
salient and accessible. Thus, people’s assumptions are not based on statistics
and probability, but on the ease of memory retrieval for similar events.

Historical examples of the bias in
action

9/11 – Because there had not been an attack of that manner ever (i.e., no
examples of past similar attacks were available), no one thought the probability
that it could happen was high and thus, were not prepared for it. However, after
the event, the US was prepared for another attack. These preparations did not
take into account the fact that the occurrence of 9/11 may have actually lowered
the chances of a subsequent attack.
Rwanda Genocide – No one could imagine the possibility of this horrific event so
it was judged to be improbable (even as it began to occur), because nothing
similar in recent history had occurred.

Possible solutions to reducing or
eliminating the bias

Encourage people to use base rate probabilities and statistics when possible,
rather than using only availability as a bias for estimation, Moreover, encourage
people to stay open to alternative possibilities and not to favour information with
the more available explanation.

Relevant academic research

Schwarz, Bless, Strack, Klumpp, Rittenauer-Schatka, Simons (1991) – This
research has shown that the availability bias occurs because of the ease with
which people can bring examples to mind, not because of the content of their
recall (e.g., famous names being overrepresented)
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Table 5. Variations of the availability heuristic
Name

Definition/Example

Link to Availability Heuristic

Imaginability bias or
failures of
imagination

Events that are less easily imagined are seen to be
less probable than events that are easily imagined we are less likely to imagine things we have not seen
before (e.g., 9/11)

If we have nothing to associate the
event in our mind with or the event
seems improbable, we cannot easily
imagine the event happening

Hyperbolic
discounting

The tendency for people to have a stronger
preference for more immediate payoffs than for later
payoffs, where the tendency increases the closer to
the present both payoffs are

Payoffs that are in the near future are
more salient (and hence available), thus
making them easier to imagine than
payoffs that will occur later

Mere exposure
effect

The tendency for people to show or express unduly
more liking for target objects merely because they are
familiar with them

We like things that are more familiar.
The familiarity of highly available
objects increases our comfort and
subsequently promotes more positive
attitudes.

Order effects

Two examples of order effects are the primacy and
recency effects. Primacy effect - the tendency to
weigh initial events more highly than subsequent
events; recency effects mean that more recent events
receive more attention and focus

Order effects occur because initial
events are stored in long term memory,
which makes them more available and
easier to recall. Recent events are
stored in short term working memory,
which makes them more available in
one’s mind, thus easy to recall

Telescoping effect
(also called a
Compression of
Time)

Recent events appear to have occurred more
remotely and remote events appear to have occurred
more recently. A simple example is when someone
reports that they have been to the doctor within the
past week, but in actuality their last appointment was
3 weeks ago (Sudman and Bradburn, 1973).
Even when previous beliefs have been shown to be
invalid, they can still influence our judgment and
decision-making.

When estimating when an event
occurred, the salience of the
information makes one believe that the
event must have occurred more
recently than it actually did.

Perseverance of
refuted beliefs

3.3

When we believe something, we tend to
internally come up with examples to
support it. Thus, even when the specific
belief is refuted, the supporting
thoughts may still be available in our
memory, and make the refuted belief
more likely to re-emerge.

Representative Heuristic

The representativeness heuristic occurs when we classify something or someone according to its
similarity to a typical case. This heuristic allows people to reduce the amount of effort required for
making an inference because making a simple similarity judgment takes less effort. Objects, events
or processes are assigned to one conceptual category based on how well they represent or resemble
one category over another category (Nisbett & Ross, 1980; as cited in Jones, 2005). For example,
when travelling in England one of the authors was approached by a French-speaking stranger who
asked her to translate from English to French for him. The stranger had seen the Canadian flag on
the author’s backpack and assumed that she spoke French because she was Canadian. Thus, the
stranger had used the representativeness heuristic to categorize all Canadians as French-speakers.
Humansystems®

Human Decision-Making Biases

Page 11

Using the representative heuristic is natural because it simplifies decision-making and eliminates
the need to “reconstrue” each new situation. The problem, however, is that pre-existing templates
are not necessarily accurate in each new situation, and this can lead to systematic errors (Tatarka,
2002) when a suboptimal category is used to make a decision. For example, a display operator may
be inclined to disregard a target that shared some characteristics of commonly benign targets. This
could lead to a decision error. Biases induced by the use of the representativeness heuristics are
described in more detail in Table 6.
Table 6. Representativeness heuristic
Name of Bias:

BIASES INDUCED BY USE OF REPRESENTATIVENESS HEURISTIC

Definition and explanation of the
bias

Occurs when people assume commonality between objects of similar appearance,
or between an object and a group it appears to fit into. While useful, it may result in
neglect of relevant base rates and other errors.
“An event is judged probable to the extent that it represents the essential features
of its parent population or generating process” (Tversky & Kahneman, 1972, p. 1).
Thus, people expect a random process will produce random results (i.e., results
that are representative of the process that generated them; Galotti, 2004)

Individual factors that promote
the bias (examples)

Motivation (e.g., the comfort of known categories)

Information-related factors that
promote the bias (examples)

Similarity to known categories which are perceived to be relevant

Situational factors that promote
the bias (examples)

Time pressure, ambiguous stimuli

Effect of the bias

People will assume that an event that is more random is more likely to occur than
one that is not as random. For example, people will say flipping Heads (H) Tails (T),
HHTTHT, is more likely than HHHHHH.

Historical examples of the bias in
action

The USS Vincennes was mistakenly shot down by the United States Navy in 1988,
because it was believed to be an attacking F-14 Iranian Tomcat fighter rather than
a civilian aircraft. Thagard (1992) has argued that several factors contributed to this
faulty miscategorization, including “…the plane did not respond to verbal warnings,
was not flying in a commercial air corridor, was veering toward the Vincennes, and
was reported to be descending…” (p. 138). These factors seemed to have
contributed to the judgement of the plane having adversarial intention.

Possible solutions to reducing or
eliminating the bias

Decision Support Systems (Bhandari, Hassanein & Deaves, 2008) have been used
to mitigate this bias. These systems provided text or graphic feedback to
participants deciding how to allocate hypothetical pension money to investments.
(For a full description of this research, see Section 5.2.2, page 140)

Relevant academic research

Tversky & Kahneman (1973)
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Table 7. Variations of the representativeness heuristic
Name

Definition/Example

Link to Representativeness
Heuristic

Stereotyping

Beliefs, attitudes and feelings towards people
are governed by the fact that they belong in a
given category

People assume that others fit into
categories by matching their
characteristics (e.g., man wearing a
turban) with a certain group (e.g.,
terrorist)

Gambler’s fallacy

We believe that a successful outcome is due
after a run of bad luck. For example, after a run
of “red” on a roulette table, people will bet on
“black” because they believe it is due. An
occurrence of “black” would make the overall
sequence of events more representative of the
generating process than another occurrence of
“red” (Jones, 2005)

People who show this fallacy assume
that a random process such as
gambling, will produce random results,
thus a black is more likely after 5 reds
than a red, when in reality, both are
equally likely to occur.

To summarize, then, biases induced by reliance on the availability heuristic and the representative
heuristic can lead to very similar errors with a slightly different basis. We use the
representativeness heuristic when we compare the core features of an event with the structure from
which it originates. This similarity or perceived “distance” between 2 objects influences and/or
guides subsequent decisions. However, the availability heuristic relates to judgments about the
availability or salience of an object (in relation to another one). Objects that are more available are
likely to have more influence on judgement.
There is ample evidence in the literature of biases induced by reliance on these heuristics in realworld decision-making. For example, a thesis by Jones (2005) discusses the impact of reliance on
both the availability and representativeness heuristics within the intelligence community. When the
Bush administration was contemplating an invasion of Iraq in 2002, the Intelligence Community
(IC) was charged to assess Hussein’s nuclear, biological, and chemical weapons programs and to
understand his intent and ambitions with respect to using weapons of mass destruction. The
National Intelligence Council assessment was that Iraq had defied UN resolutions and restrictions
by continuing its weapons of mass destruction program. Yet, each of the assessments made by the
NIE, which served as the basis for the Bush Administration’s decision to go to war, was ultimately
proven wrong (Jones, 2005). The Senate Intelligence Committee and the Commission on the
Intelligence Capabilities of the United States Regarding Weapons of Mass Destruction both
concluded that these errors were the product of poor intelligence collection, and that this process
was driven by assumptions and inferences rather than hard data (Silberman & Robb, 2005; as cited
in Jones, 2005).
Availability heuristics were also argued to have influenced the analysis of mobile biological
weapons labs. Salient information (e.g., colourful, dynamic, distinctive) engages people’s attention.
This can be problematic when the salience of the information causes us to pay more attention to it
than is warranted. Reliance on specific people as the source of one’s information about a given
topic can be problematic. This may occur because they have distinct and/or specific characteristics
perceived to be relevant to the task at hand. That is, people who have token or solo status can
disproportionately engage our attention (Jones, 2005). In 2002, the IC concluded that the key R&D,
production, and weaponization of Iraq’s offensive biological weapons program were not only
active, but were also larger and more advanced that it had been prior to the Gulf War. These
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determinations were based on reporting from one person, code named “Curveball”, who insisted
that Iraq had mobile facilities for producing chemical weapons. Characteristics that made Curveball
appealing as a source include that he was an Iraqi defector, was a chemical engineer, had access to
Iraqi production facilities, and had an uncommon level of technical details. Subsequently, the IC
analysts were disproportionately reliant on an extremely salient source that fully supported their
expectations and assumptions (Silberman & Robb, 2005; as cited in Jones, 2005). Furthermore, the
analysts were resistant to additional information that could have undermined the credibility of the
person coded named “Curveball”.
As noted by Jones (2005), the representativeness heuristic allows people to “reduce taxing
inferential tasks into simple similarity judgements” (p. 35). However, using this heuristic becomes
problematic when we use it as the sole basis for our judgements. The IC’s assessment that Hussein
had not lost interest in nuclear weapons (despite years of sanctions and the loss of much of Iraq’s
physical nuclear infrastructure) hinged on two key judgments. First, Iraq’s efforts to procure tens of
thousands of proscribed high-strength aluminium tubes was seen by the IC as evidence of a fully
reconstituted nuclear weapons program. Second, the IC concluded that Baghdad could produce a
nuclear weapon within a year if it were able to procure weapons-grade fissile material abroad.
Jones (2005) argues that these judgments were the result of errors due to reliance on the
representativeness heuristic. The dimensions of the aluminium tubes were similar to the “Beams”
configuration, a design used by Iraq before the Gulf War, and were also similar to the “Zippe”
configuration, a design for gas centrifuges. This structural similarity led to the erroneous
conclusion that these tubes were used for nuclear weapons. Although at least 9 reports were written
by the CIA discussing the aluminium tube procurement efforts, none of these reports included
information to support the analysis that the tubes were intended for nuclear weapons. In this case,
then, Jones (2005, p. 36) argued that “the complex inferential task of determining technical
suitability was reduced into a simple judgment of similarity” Thus, the CIA was confident that the
tubes were for uranium enrichment because their design was similar to the Zippe design.
The representative heuristic can also result in people seeing a cause and effect relationship where
one does not exist. This can happen because we do not understand the information needed to prove
a relationship between two events (Heuer, 1999; as cited in Jones, 2005). Gaps in Iraqi accounting
and an analysis of production capabilities led analysts to believe that Iraq had a stockpile of VX,
sarin, cyclosarin, and mustard. Subsequently, they concluded that Hussein had rebuilt portions of
its chemical weapons infrastructure (Jones, 2005). This conclusion was based on the presence of
Samarra tanker trucks at ammunition depots and production facilities. The Samarra tanker was a
delivery truck used by Iraq for shipping chemical weapons before the Gulf War. In 2002, satellite
imagery suggested that large numbers of these trucks were transporting material to and from
chemical plants and ammunition depots. As these activities were similar to activities involved in
chemical weapons activities conducted prior to the Gulf War, IC analysts concluded that the
satellite imagery confirmed chemical weapons activity. Based on this assessment, analysts then
assessed that chemical weapons were already deployed within the military logistics chain and this
had occurred in the past year, which suggested to analysts that Iraq had restarted production of
chemical weapons (Silberman & Robb, 2005; as cited in Jones, 2005). Instead of the detailed and
multifaceted analysis that this determination required, the Intelligence Community again defaulted
to a simple similarity judgment using the representativeness heuristic. Analysts then compounded
this error in perceiving relationships that did not exist (Jones, 2005, p. 37).
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3.4

Hindsight Bias

Colloquially applied through the phrase ‘hindsight is 20/20’, the hindsight bias is one of the most
pervasive in the available literature. Put more simply, it refers to the fact that when people have
prior information about the actual outcome, they are more likely to overestimate the probability
that they would have predicted the outcome than without this prior information.
Table 8. Hindsight bias
Name of Bias:

HINDSIGHT BIAS

Definition and explanation of
the bias

Hindsight bias has been operationalized as “the tendency for individuals with outcome
knowledge (hindsight) to claim that they would have estimated a probability of
occurrence for the reported outcome that is higher than they would have estimated in
foresight (without the outcome information).” (Hawkins and Hastie, 1990, p. 311).

How exactly does it occur?

“Hindsight biases represent the dark side of successful learning and judgment.”
(Hawkins and Hastie, 1990, p. 323). These biases are dependent on the following
processes:

Individual factors that
promote the bias (examples)

•

Cognitive reconstruction

•

Direct recall of the original belief

•

Anchoring on the current belief and adjusting to infer the original belief

Hindsight bias is particularly likely to happen when the outcome has a high level of
personal significance (e.g., emotion or moral) (Hawkins and Hastie, 1990).
Further, people who are highly motivated to be seen positively by others are slightly
more likely to show hindsight biases – motivated self-representation.
Also, highly dogmatic people with low tolerance for ambiguity are more likely to show
hindsight bias (Campbell and Tesser, 1983; cited in Hawkins and Hastie, 1990).

Information-related factors
that promote the bias
(examples)

When the target event has clear alternative outcomes (e.g., win-lose, gain-loss)

Situational factors that
promote the bias (examples)

A highly motivated subject will show diminished hindsight effects (Hawkins and Hastie,
1990, p. 6)

Effect of the bias

It becomes easy to criticize (or celebrate) past judgements based on information
known later; when in fact that information may not have been known or linked together
prior to the event. Things that happen in the past are often more difficult to predict than
we estimate when looking back.

Historical examples of the
bias in action

After the September 11 terrorist attack, many people reported that they knew it was
going to happen. This led to much criticism of the US intelligence agencies also
(especially due to the memorandum titled “Bin Laden Determined To Strike In US”
delivered on August 6, 2001). When looking back, there were several clues evident to
people that gave them the illusion that they knew this information before the attack.
But these clues do not point directly at where, when and how the attack would take
place – which is the actual information needed to properly predict the event.
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Table 9. Variations of the hindsight bias
Name

Definition/Example

Link to Hindsight Bias

Outcome Bias

Outcome bias occurs when people judge the quality of a
process by its outcome. A decision will be retrospectively
evaluated more negatively when it has a negative outcome,
and more positively with a positive outcome

We tend to look back at a decision
and judge that decision based on
the outcome it produced, claiming
we knew what would have
happened

Hindsight bias combined with availability bias can lead to a phenomenon that Taleb (2005; cited in
Yudkowsky, 2006) has called ‘Black Swans’. Black Swans are caused when most of the variance
in a process comes from a “one off”, exceptionally rare, exceptionally huge events – caused by
“mistakenly believing that the past was predictable, people conclude that the future is predictable”
(Yudkowsky, 2006, p 4). Taleb (2001; cited in Yudkowsky, 2006) discusses some financial
examples of the hindsight bias in action, including a trader that for 6 straight years was successful,
making close to $80 million dollars, only to lose $300 million in a single catastrophe. This example
shows that biases often combine to influence human decision-making.

3.5

Overconfidence Bias

Being overconfident in our own judgments, skills and decisions is a ubiquitous human bias.
Overconfidence happens when we assume that our abilities, perceptions and beliefs are more
“correct” or more positive than they actually are. Thus, after making decisions, decision makers
consistently over-estimate how correct those decisions are. For example, psychological studies
have consistently shown that when people are asked to rate their driving skill relative to others, the
majority believe themselves to be an “above average” driver. But, as skill levels (like many other
human qualities) tend to be normally distributed (i.e., with greatest number of people being only
average drivers), many of the people believing themselves to be “above average” drivers are
actually displaying the overconfidence bias. Other studies have shown that even when participants
taking a test think their answers to be absolutely correct, they are generally wrong 20% of the time
(Koriat et al., 1980).
The overconfidence bias is described in more detail in Table 10.
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Table 10. Overconfidence bias
Name of Bias:

OVERCONFIDENCE BIAS

Definition and
explanation of the bias

Excessive confidence in one's skills, judgements and perceptions. For example, for certain
types of questions, answers that people rate as "99% certain" turn out to be wrong 40% of
the time.

Individual factors that
promote the bias
(examples)

Individual differences (e.g., egocentrism, self esteem), need for control
Hansson, Juslin & Winman (2008) – Overconfidence may stem from short-term memory
capacity being limited, leading for people to remember their successes, but not their
failures.
Equally probable for experts and non-experts

Information-related
factors that promote the
bias (examples)

People use an anchor as a starting value, and adjust their answer (i.e., the interval) around
that value (Tversky & Kahneman, 1974; as cited in Hansson, Juslin & Winman, 2008). The
problem is that the anchor is often idiosyncratic.
The more information available, the stronger the overconfidence effect.
Tversky & Kahneman, 1974 – People show moderate overconfidence for judgements on
populations and voting rates, and massive overconfidence on the graduation rate.

Situational factors that
promote the bias
(examples)
Effect of the bias

Suboptimal decision-making - “If your confidence in your judgement is inappropriately high,
you probably will spurn any offers of help in making decisions because you will fail to see
the need for it. Even when good decision aids are available to help you overcome other
biases and errors of judgement, overconfidence will make you weight you own intuitions
more heavily than any objective information that might be available” (Galotti, 2004, p. 448).

Historical examples of
the bias in action

According to Norman Dixon, there was an “unrealistic overconfidence in rapid victory” for
the Boer War, WWI, WWII, Suez Crisis and Bay of Pigs (as cited in Johnson, 2004).

Possible solutions to
reducing or eliminating
the bias

“Although people tend to be extremely overconfident when producing intuitive confidence
intervals, if the probability that the same quantities fall within the same intervals is
assessed, either by other participants or by the interval producers themselves on another
occasion, the overconfidence bias is strongly diminished” (Winman et al., 2004; as cited in
Hansson, Juslin & Winman, 2008, p. 1027).

In studies where participants were told that they made the same number of errors as an automation
aid, a majority (71%) of participants justified self-reliance through a number of explanations, some
of which were highly inaccurate. The desire for control (illusion of control) was hypothesized to be
a major factor in these justifications (Dzindolet, Pierce & Beck, 2008). Additionally, overconfidence is also believed to play a major role as operators assume they are (or will become)
better than the automation, even if there is evidence to the contrary.
The overconfidence bias is also related to another bias called the planning fallacy. When asked for
the ‘best case’, ‘most probable’ and ‘worst case’ guess as to how certain scenarios will evolve,
people are often overconfident. For the ‘most probable’ scenario, people assume that everything
will go as planned with no unforeseen complications. The same effect is seen when they are asked
to predict the ‘best case’ scenario. In reality, however, outcomes are often worse than the ‘worst
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case’ scenarios that people hold. This overconfidence effect is found in experts and novices alike
(Yudkowsky, 2006). Table 11 shows some related variations of the overconfidence bias.
Table 11. Variations of the overconfidence bias
Name

Definition/Example

Link to Overconfidence Bias

Illusion of
control

The tendency for human beings to believe
they can control, or at least influence,
outcomes that they clearly cannot
The systematic tendency to be overoptimistic about the outcome of planned
actions

People tend to have excessive confidence in the
judgement that they can control outcomes

The tendency for people to underestimate
completion times

Because people have excessive confidence in their
skills, they believe that they can accomplish tasks
much faster than they actually can

Optimism bias

Planning fallacy

Due to people’s excessive confidence in their
perceptions, they tend to overestimate the probability
that their outcomes will be favourable

Like other biases, overconfidence bias is pervasive and even somewhat predictable, and can
happen whether people are highly trained or not highly trained. However, the literature does
suggest that expertise can have some positive effects. Research by Camerer and Johnson (1991;
cited in Fewell and Hazen, 2005) suggests that weather forecasters show minimal overconfidence
effects, whereas doctors making diagnoses are often overconfident. This suggests that the impact of
expertise on overconfidence biases depends on the type of expertise.

3.6

Anchoring and Adjustment Biases

Anchoring and adjustment biases are also prominent in the decision-making literature. We often
make guesses by picking a natural starting point (an anchor) for a first approximation and then
adjust our guesses until we reach a final estimate. This can be a very useful technique for making
estimates, as long as people properly adjust from the anchor (Gilovich et al., 2002; as cited in
Jones, 2005). Biases arise when our estimates and decisions are overly influenced by the initial
values or starting points that we use as anchors. In these cases, we do not adjust our estimates (and
subsequent decision) as much as we should after receiving new information (Jones, 2005). Thus,
our final estimate will be biased in the direction of the initial anchor (e.g., may be closer to the
anchor than they should be).
For example, if asked to judge the speed of a passing train, we might not have high familiarity with
the speed of trains, but we may use a domain we know (e.g., using our knowledge and experience
as automobile drivers) to make the estimate. Our previous driving experiences serve as the anchor,
which we use as a basis for making our estimate. The problem is that the original driving anchor is
not a fully accurate correlate. This driving anchor puts a “drag” on our estimate about the speed of
a passing train (Epley & Gilovich, 2006). Using a car-based analogy as an anchor when estimating
the speed of the train can result in anchoring biases. The anchoring-and-adjusting bias has been
found to be very robust, and is described in more detail in Table 12.
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Table 12. Anchoring-and-adjustment bias
Name of Bias:

ANCHORING AND ADJUSTMENT

Definition and explanation of the
bias

The tendency to show anchoring and adjustment bias was formalized by Tversky
and Kahneman (1974) in their seminal work. Anchoring and adjustment often
occurs in the estimation of unknown quantities. In this case, one might “centre”
one’s estimation of a known quantity, using it as an anchor by which to judge a
more unfamiliar one.

Individual factors that promote
the bias (examples)

People deny they are anchored or contaminated, even when experiments show
they are (Yudkowsky, 2006, p. 12).

Information-related factors that
promote the bias (examples)

Information that is visibly irrelevant anchors judgments and contaminates guesses
(Yudkowsky, 2006, p. 12).
People under adjust when they start from information known to be irrelevant and
adjust until they reach a plausible-sounding answer (Yudkowsky, 2006, p. 12).

Situational factors that promote
the bias (examples)

Cognitive task load. People who are engaged in a cognitive task have fewer
resources to adjust their estimates. Thus, the final estimate will remain close to the
anchor (Yudkowsky, 2006).

Effect of the bias

Inaccurate judgement
A and A is used to explain hindsight bias, social comparison, egocentric bias

Historical examples of the bias in
action

See paragraph that follows

Possible solutions to reducing or
eliminating the bias

Anchoring effects are relatively unaffected by financial incentives, explicit
instruction to avoid contamination, and real-world situations (Yudkowsky, 2006, p.
12). This makes them very difficult to alleviate.

Table 13. Variations of the anchoring-and-adjustment bias
Name

Definition/Example

Link to Anchoring-and-Adjustment Bias

Contrast
effect

The enhancement or diminishing of a
weight or other measurement when
compared with a recently observed
contrasting object

Contrast effects are the opposite of anchoring and
adjustment effects, but have the same underlying
psychological process. When comparing two objects,
contrast effects will show the objects as dissimilar, while
anchoring and adjustment will show the objects as similar

Distinction
bias

The tendency to view two options as more
dissimilar when evaluating them
simultaneously than when evaluating them
separately (Hsee & Zhang, 2004)
The tendency to avoid extremes, being
more likely to choose an option if it is the
intermediate rather than extreme choice

Similar to the contrast effect, the distinction bias is the
opposite of the anchoring and adjustment bias in that
objects appear dissimilar when viewed simultaneously

In this bias, estimates are not adequately
revised when new information is received.

This is one form of an anchoring and adjustment bias, in
the sense that the old information serves as the anchor
and inadequate adjustment occurs.

Extreme
aversion
Conservatism
bias
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To understand anchoring and adjustment in an applied setting, we again we look at an example of
anchoring and adjustment biases in action. As noted by Jones (2005), the U.S. intelligence
community had assessed that Iraq had continued its weapons of mass destruction program. Many of
the analysts within the intelligence community acknowledged that their starting point for
evaluating Iraq’s WMD programs was Iraq’s past (Jones, 2005). Iraq had a history of producing
biological and chemical weapons, concealing its nuclear program, and failing to account for its
stockpiles (Jones, 2005). Furthermore, at the time that the IC analysts were making their
assessments, it was known that Hussein was a dictator who ruled through violence, secrecy and
fear, and who failed to comply with UN Resolution 1441 (requiring Iraq to report all of its
activities). Therefore, given Hussein’s history and the context at the time the decisions were being
made by the intelligence community, it is reasonable that the analysts operated on the premise that
Iraq still had biological and chemical weapons that were being hidden. The problem was when the
premise “hardened into a presumption, and analysts began to fit the facts to the theory rather than
the other way around” (Jones, 2005, p. 41). This example illustrates both anchoring biases as well
as confirmation bias (e.g., fitting the facts to the theory) in action, as will be discussed in an
upcoming section.

3.7

Framing Bias

Closely related to anchoring and adjustment biases, human judgement is also susceptible to
framing effects. How problems are framed influences how humans make decisions about them.
This phenomenon has been studied in detail using the Asian disease problem. This problem can be
summarized as follows (Tversky and Kahneman, 1981):
“Imagine that the United States is preparing for the outbreak of an unusual Asian disease,
which is expected to kill 600 people. Two alternative programs to combat the disease have
been proposed. If Program A is adopted, 200 people will be saved. If Program B is
adopted, there is a one-third probability that 600 people will be saved and a two-thirds
probability that no people will be saved. Which one of the two programs would you
favor?”
When presented with this problem, most respondents favor A (risk aversion). Alternatively, if
participants are given the same scenario with a different frame, they often make a different
decision:
If Program A is adopted, 400 people will die. If Program B is adopted, there is a one-third
probability that nobody will die and a two-thirds probability that 600 people will die.
With this frame, then the majority of people tend to favor Program B (risk seeking). This suggests
that people can be more risk averse or risk-seeking even though they are asked substantially the
same question with only a somewhat different frame. This has also been shown in real-world
healthcare examples, with framing effects contributing to different judgements, depending on
whether statistics are shared in terms of survival rates or mortality rates. “A basic principle of
framing is the passive acceptance of the formulation given” (Kahneman, 2003, p 703). Framing
biases promote different conclusions being drawn as a product of how data are presented. These
can occur because of using an overly focused approach or description of the situation or issue. We
will draw a different conclusion when our anchors are different, for example, when guessing a
population, our estimation will be much lower if the anchor we are given is 50 compared to 5000.
It should be clear, then, that framing effects are very closely linked with anchoring and adjustment
effects. Whereas framing does not necessarily relate to the inability for “movement” from a
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specific anchor point, it does lead to inadequate adjustment when making decisions. In this sense,
framing biases can perhaps be understood as a more generic form of anchoring and adjustment
biases, with framing representing how information is bounded and with anchoring representing
how information is bound to some starting point.

3.8

Confirmation Bias

Confirmation bias can be simply defined as the human tendency to see what we expect, need,
and/or want to see from our environment. Confirmation bias is our tendency to seek information
and cues to confirm our own hypotheses, rather than seek information to disprove such hypotheses
(Chia, 2005). The confirmation bias stems from the human tendency to satisfice on solutions that
are not necessarily optimal. This can occur because we have a criterion level or threshold that must
be met before a solution can be reached. Once this threshold is met, “a winner takes all process”
(Dror & Fraser-Mackenzie, 2008, p. 57) can occur, in which a final and decisive decision is
reached without adequate consideration of all the relevant information. Of course, factors such as
time pressure can lower this threshold level (Dror & Fraser-Mackenzie, 2008), and make
confirmation biases even more likely. One of the keys to reducing confirmation bias, then, involves
reducing our tendency to prematurely satisfice on a solution.
Our tendency to understand information in ways that support our own hypotheses can result in a
“cognitive tunnel vision” (Chia, 2005). When we have this tunnel vision, we tend to ignore
contradictory or inconsistent information, often to the detriment of the decisions that we make.
Having such tunnel vision could be disastrous during warfare, for example, when the underlying
strategic hypothesis is incorrect and new information critical to success is underemphasized or
overlooked. Confirmation bias sometimes has a motivational component, in the sense that we are
often reluctant to give up established beliefs. One way in which we do this is to give less attention
to information that disconfirms our beliefs than we give to information that confirms it. In this
sense, we “see” what we want to see, and can maintain our desired beliefs and perceptions.
Confirmation bias is described in more detail in Table 14.
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Table 14. Confirmation bias
Name of Bias:
Definition and
explanation of the bias

Individual factors that
promote the bias
(examples)

Information-related
factors that promote the
bias (examples)

Situational factors that
promote the bias
(examples)
Effect of the bias

Historical examples of
the bias in action

Possible solutions to
reducing or eliminating
the bias
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CONFIRMATION BIAS
Confirmation bias involves giving preference or priority to information that matches our prior
beliefs or wishes. In essence, it involves seeing what we want or need to see. It stems from
our preference for the familiar rather than the unfamiliar. Confirmation bias is relevant to a
range of areas, including previous beliefs and expectations about the world, other people,
and even our views about ourselves and others. Within all of these areas, people are often
motivated to use new information in a way that is congruent with our previous beliefs, and to
either ignore or reject discrepant information.
People are simply more invested in seeing the world some ways than others. For example,
attitudes that we hold to be very important to us will be more difficult to change. High levels
of motivation to support an existing belief or expectation can make this bias more likely.
This can occur as a product of high levels of scrutiny, leading to the need for high levels of
accountability.
Emotional involvement can also change how we process information. Biases based on
emotions are stronger, larger in effect and more resistant to change (Yudkowsky, 2006).
More likely to be used when cognitive demands are high (Klayman and Ha, 1987)
The framing of information can promote confirmation bias. For example, presenting
evidence in support of a specific conclusion will be more effective when presented in
concert with other supportive evidence.
More likely to be used when “concrete task-specific information is lacking” (Klayman and
Ha, 1987, p. 212)
Confirmation bias can be promoted by reliance on positive test strategies (Klayman and Ha,
1987). This involves accessing only information that we believe will support our existing
hypotheses
Time pressure
Stress
Attention (Biased search for information) - CB can result in premature decisions being made
with an inadequate amount of information after a “half-hearted” search process, and then
subsequent information being interpreted through the lens of this decision.
USS Vincennes – In 1988 an Iranian commercial airliner was erroneously shot down over
the Persian Gulf. The US navy captain believed the approaching aircraft was hostile and
failed to take into account the alternative hypothesis that he aircraft was a commercial
aircraft, although this alternative had been suggested. Furthermore, it was found that no
visual identification (through vectoring two F-14s on Combat Air Patrol) was not exercised
(Chia, 2005).
Three Mile Island – In 1979, the Three Mile Island nuclear reactor had a meltdown. The
crew received an alert of a plant failure at 0400h. However, their attention was focused on a
display that erroneously indicated that a relief valve had closed and believed that the water
level was too high and approaching danger levels. Consequently, they overrode the
emergency relief pump that provided cooling water to the reactor. In fact, the water levels
were dangerously low. Investigation reports indicated that the crew did not attend to many
other cues indicating low water levels but counter-interpreted them as evidence for high
water levels (Chia, 2005).
Promoting the use of negative test strategies (e.g., trying to access information that would
disconfirm one’s hypotheses) – testing the alternative hypothesis
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Table 15. Variations of the confirmation bias
Name

Definition/Example

Link to Confirmation Bias

Disconfirmation bias

Discounting information that runs
counter to our beliefs or attitudes

To maintain our confirmation bias, we tend to
disregard information that opposes our belief

Tatarka (2002) provides an illustration of confirmation bias in action. During the Battle of Shiloh
in 1862, General Ulysses S. Grant made the assessment that Confederate forces were tired and
were preparing their defences. Even after receiving correct information from frontline units that
thousands of enemy soldiers were nearby, Grant refused to alter his assessment that Confederate
soldiers were inactive. As more reports of enemy movements were received, Grant revised his
assessment to these movements representing a small attack against an isolated division, but he
continued to reject the notion that the Confederate troop movements may have signalled a largescale offensive. The next morning, as Grant was eating his breakfast, his troops were attacked by
thousands of Confederates. Although he was later able to obtain a costly victory at Shiloh, Grant’s
confirmation bias nearly led to his defeat (Tatarka, 2002).
The importance of the confirmation bias can also be seen in the applied work of the Singapore
Armed Forces. The Singapore Armed Forces Centre for Military Experimentation (SCME) is
engaged in a research program to enhance distributed collaboration. Their research program was
designed to “identify psychological phenomena that have been found to work against the estimate
of ‘truth’” and see if C2 interventions could be developed to counter them. A study was designed to
explore confirmation biases.
The SCME had 48 graduates of the 35th Singapore Command and Staff College Course (all at least
senior staff officer or executive officer level) read scenarios in which they were hypothetical
battalion commanders of an armour brigade. They were told that their brigade commander was
killed in action and they now had to decide whether or not to order a commit a retrograde
operation. Using the Confirmation Bias Index, Chia (2005) measured the participants’ confirmation
bias overall and when enemy tanks were portrayed as being near or far. He found strong evidence
that confirmation bias exists among SAF commanders, and that this bias was more acute when the
threat was portrayed as being in close proximity (therefore, increasing the stress of the situation)
rather than when the threat was farther away. From the perspective of decision-making in complex
applied environments, this finding shows a very potentially problematic tendency, namely for the
pressure of the situation to make confirmation biases more likely to occur.
Mindset is another phenomenon that can influence decisions in applied settings. Mindset, of
course, is closely related to confirmation bias, in the sense that what we want or expect to have
happen colours our expectations. This can influence many different parts of the decision-making
process, including how we focus our attention and attend to our environment (i.e., situation
awareness), our ability to revise our assessments, and how we frame problems (Woods & Cook,
1999).

3.9

Affect Biases

There is also good evidence in the psychological literature that peoples’ emotional responses to an
object or situation (rather than the objective characteristics of the situation) can influence their
decision-making processes. In short, when making decisions, people sometimes use their current
emotional state in order to assist their judgment processes. This is evidence of reliance on the affect
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heuristic. Interestingly, Kahneman (2003) believes that the affect heuristic (more recent than many
of the others previously discussed) is “probably the most important development in the study of
judgment heuristics in the past few decades” (p. 710), and he argues that this heuristic it is just as
important as the representativeness and availability heuristics in terms of its effects.
The role of human emotions in cognition (commonly called ‘hot’ cognition) has grown since the
1980s. The feelings-as-information perspective has been especially prominent. It is based on the
“assumption that feelings can serve as a source of information in their own right” (Schwarz &
Clore, 2003, p 1). There is very strong evidence in the literature suggesting that we are more likely
to recall information that we learned in a specific mood better when we are in the same mood (e.g.,
Schwarz & Clore, 2003). Decision-making approaches change based on our moods and emotions,
in effect performing mood maintenance and repair. There is also good evidence that
“…. we protect our pleasant affect by avoiding excessive mental effort when we feel happy
(mood maintenance), but engage in effortful thought to distract ourselves and to improve
our mood when we feel sad (mood repair)” (Schwarz & Clore, 2003, p. 23).
Psychologists have distinguished between two primary forms of information processing that are
relevant to understanding human decision-making. In short, “bottom-up” processing works to
create a coherent “story” by bringing together often discrepant forms of information. “Top down”
processing, on the other hand, is less effortful, as it allows for more assimilation of information into
the prevailing belief system. Studies have shown that we perform more intense “bottom up”
processing and less “top down” processing when we are in a sad mood compared to when we are in
a happy mood. When happy, people tend to rely more on stereotypes, produce false memories,
violate transitivity more, and perform less well on complex tasks (Schwarz & Clore, 2003). From
the perspective of biases, this suggests that they will be more likely to rely on heuristics such as the
availability and representative bias, and perhaps to reach non-optimal conclusions in their decisionmaking. If people become aware that their judgement is influenced by alternate sources (i.e. their
mood, emotion, etc.), and attempt to correct for it, there is also a danger of overcompensation
(Schwarz, 2006). As a whole, this sizeable body of research suggests that it is important not to
overlook or discount the role that affect and emotion can play in how people process information,
and the biases and errors to which they are susceptible because of varying emotional states.
A very influential study by Schwarz and Clore (1983) showed support for the feelings-asinformation hypothesis. This hypothesis argues that people use their emotional state as a source of
information when making decisions. Research used telephone polling to asking people one of 2 sets
of questions. The first was “All things considered, how satisfied or dissatisfied are you with your
life as a whole these days?” The second was “How’s the weather down there?” followed by the life
satisfaction question. Results showed that participants who answered the life satisfaction question
without any reference to weather rated themselves to be significantly happier than participants
when it was actually a sunny day in their locale (as confirmed by third-party weather information)
than when it was an overcast day. However, when there was no reference to weather at all,
participants rated themselves to be equally happy (i.e., as having equal levels of life satisfaction) on
both overcast and sunny days. Another example shown in previous research is that our estimates of
the proportion of people who enjoy driving will depend on whether we imagine taking a leisurely
Sunday drive or being stuck in rush hour traffic (Jones & Roelofsma, 2000). This suggests (and a
range of subsequent research has confirmed) that people tend to use their emotional state as a
source of information when making judgements about themselves or about their world.
The prevalence of affect biases in decision-making was raised by Weber and Johnson (2009). They
specifically suggested that an increased reliance on affect heuristics (and therefore biases) should
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be expected in dynamic and uncertain decisions, as opposed to more analytic evaluations that tend
to reign during static risky decisions.
This simple example shows a more complex phenomenon; namely that people’s affect influences
how they see the world and how they make decisions. Research has also shown that even people
performing in time pressured, complex applied environments are subject to these affect biases.
Affect biases are described in more detail in Table 16.
Table 16. Affect heuristic
Name of Bias:

AFFECT HEURISTIC

Definition and explanation of the
bias

An automatic affective evaluation (the emotional core of an attitude) is the main
determinant of many judgements and behaviours (Kahneman, 2003).

Individual factors that promote
the bias (examples)

People are less likely to rely on their moods when they have high expertise in the
domain of judgment (Schwarz & Clore, 2003, p. 10).

Information-related factors that
promote the bias (examples)
Situational factors that promote
the bias (examples)

We consider our feelings more relevant when judging our own preferences than
when judging the preferences of others (Schwarz & Clore, 2003). Finucane et. al.
(2000; as cited in Slovic et al., 2005) found that time pressure greatly increased the
inverse relationship between perceived risk and perceived benefit about nuclear
power. Presumably, this occurred because time pressure increased the dominance
of the affect heuristic over analytic reasoning

Effect of the bias

Humans do not reason without emotion; in fact, affective responses play an
important role in memory, decision-making, and judgement, typically in the direction
of the salient emotion

Historical examples of the bias in
action

Arguably, most decisions made throughout history have been based, at least in
some part, on an emotional component.

Possible solutions to reducing or
eliminating the bias

If people become aware that their experiences are coming from alternate sources
(i.e. their mood, emotion, etc is affecting their response) they attempt to correct for
it – sometimes by overcompensating (Schwarz, 2006)

SMEs or experts in this area

Norbert Schwarz, Joseph Forgas

Table 17. Variations of the affect heuristic
Name

Definition/Example

Link to Affect Heuristic

Mere Exposure
Effect

People report more positive preferences for
targets to which they have been more frequently
exposed. This effect has been found when
people are assessing their preferences for a
wide variety of items including images, symbols,
and people.

The mere exposure effect is a robust and
reliable example of how easily and
subliminally our affective response can be
influenced.

3.10 Statistical Biases and Errors
There is strong and consistent evidence that people are also prone to show several related biases
and errors when required to do statistical reasoning. Sub-optimal decisions are often made due to
Humansystems®

Human Decision-Making Biases

Page 25

the disregard of probability information. Tversky and Kahneman’s early papers implied that
fundamental statistical notions were simply “not part of people’s repertoire of intuitions” (1974; as
cited in Kunda, 2002).While this seems to have been a bit of an over-statement, it is clear that
humans have many misconceptions about everyday statistics. Deducing errors in statistical
estimates is done by comparing peoples’ responses to Bayes theorem (or Bayes law). Bayes
theorem suggests that optimal reasoning can be achieved by using established “prior probabilities”
when making judgements about the frequency or probability of events (Yudkowsky, 2003). To the
extent that we can know the likelihood of a given event occurring, then, when we are required to
make judgements about this event, we should logically use the established probability.
However, a wide range of research suggests that people often fail to use proper statistical
reasoning, either by ignoring prior probabilities, or selectively focusing on one atypical incident to
guide their actions rather than relying on more typical probabilities. For example, one might argue
that they should not wear a seatbelt because they heard of an accident where a car fell into a lake
and a woman was kept from getting out in time because she was wearing her seatbelt (Baron,
2000). This reasoning, of course, ignores that the more typical outcome, namely that wearing one’s
seatbelt more often provides protection from harm in the event of an accident. Similarly, people
have also been prone to misconceptions of chance. People believe that random outcomes are more
likely when they fit with our representative model. For example, when tossing a coin for heads (H)
or tails (T), HTHTTH is judged as being more likely than HHHTTT when in fact they are equally
likely. This is an example of the gambler’s fallacy.
Several factors have been argued to influence the use of proper statistical heuristics. The most
prominent impact is just general knowledge about statistics and statistical principles. This includes
issues such as understanding the impact of varying sample sizes and phenomena such as regression
to the mean. Researchers have identified several others factors that influence the proper application
of these heuristics. The first is the domain and the decision makers’ general knowledge about the
domain (Kunda, 2002). Some domains are more easily segregated into “units” (e.g. grades on
repeated exams are clearly more objective than attempting to quantify than a characteristic such as
“friendliness”). This means that some domains are more susceptible to statistical biases and errors
than other domains.
A second consideration is the contextual cues that highlight the importance of chance factors or
alternative factors. Specifically, when people are provided with more information about chance
factors that could impact on their decisions, they tend to make decisions that are more statistically
accurate (Kunda, 2002).
Similarly, Nisbett et al (1983) has argued that people were more adept at statistical reasoning when
they were required to judge highly repeatable events (i.e., when sample sizes were larger). One of
the challenges in statistical reasoning, then, is that different domains are likely to provide less
repeatability than others. In social domains, for example, we are often required to make judgments
about other people based on very few occurrences of the target behaviour. For example, in judging
the potential helpfulness of an unfamiliar person, making an accurate guess about their level of
helpfulness would likely require seeing them in a range of different contexts. It is often less effort
to rely on the representativeness heuristic, and to base one’s judgement of this person on their link
to people or things that are better known. For example, if the unfamiliar person shared some
qualities or characteristics of a friend who was very helpful, this link could help to guide optimistic
judgments about their helpfulness.
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Finally, cultural acceptance to reason statistically varies across the globe. Some cultures have more
of a “statistical spirit” (Nisbett et al., 1983, p. 346) than others and this greatly affects how
individuals in those cultures apply statistics.
Even when a knowledgeable statistician is dealing with a familiar and objective domain, however,
there are a range of common and pervasive statistical errors and biases. These include the base rate
fallacy, conjunction bias, neglect of probability and regression toward the mean. Each of these
biases is described in more detail in the sections that follow.
Base Rate Neglect - A common statistical error that people make when judging the probability of
an event occurring is failing to use the appropriate base rate as a guide, particularly when other
information is available. For example, when estimating the chances that a single occurrence is part
of a wider set of events, there are two factors to consider. The first factor is the similarity of the
single occurrence to the set (i.e., whether or not the occurrence actually belongs in the set); and the
second factor is the general base rate occurrence of elements within the set. If the elements within
the set only occur 1% of the time, the probability that a single occurrence belongs in the set is less
than if the elements within the set occur 50% of the time.
This can be illustrated by Heuer (1999). Heuer cites an historical example from Vietnam in the
1970s when a fighter plane attacked a U.S. reconnaissance mission at night. Both Vietnamese and
Cambodian fighter jets were operating in the area at the time of the attack. In order to identify the
attacker, the following information was relevant:


Base rate data: 85% of the fighter jets operating in the area at the time of the attack were
Vietnamese and 15% were Cambodian.



Specific case information: a U.S. pilot identified the fighter as Cambodian. After testing
the pilot’s ability to identify Vietnamese vs. Cambodian fighter jets, it was found that the
pilot was correct 80% of the time and wrong 20% of the time.

The key issue, then, was the probability that the U.S. pilot was correct in identifying the attacker as
Cambodian. Our typical intuition to such a question is to rely on the specific case information, that
there is an 80% chance that the U.S. pilot made a correct decision given the fact that he was 80%
accurate in the testing trials. However, this logic ignores the base rate (i.e., 85% of operating
fighter jets were Vietnamese). In fact, it was more likely that the plane was Vietnamese than
Cambodian. Imagine that the pilot had encountered 100 such situations. Based on the base rate
data, we know that 85 of the fighter jets would be Vietnamese and 15 would be Cambodian. Based
on the specific information, we also know that the U.S. pilot would correctly identify 80% of the
Vietnamese fighter jets (or 68 out of 85) and would incorrectly identify 20% of the Vietnamese
fighter jets (or 17 out of 85). Alternatively, the U.S. pilot would correctly identify 80% of the
Cambodian fighter jets (or 12 out of 15) and incorrectly identify 20% of the Cambodian fighter jets
(or 3 out of 15). This makes a total of 71 Vietnamese and 29 Cambodian sightings. However, only
12 of the 29 Cambodian sightings would be correct. This means that the pilot would only have
correctly identified the Cambodian fighter jet 12/29 times, or 41% of the time, despite the fact that
his identifications were 80% accurate in the testing trials.
Reliance on base rates can also affect decisions within the interpersonal domain. For example,
social stereotypes are predicated on base-rates (Locksley et al., 1980; cited in Kunda, 2002). When
social stereotypes are active, people do not integrate behavioural information about an individual
with the probabilities dictated by their stereotypes (Kunda, 2003, p. 68). Similarly, ego-centric
biases occur of undue reliance on one’s personal or experiential base rates.
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More specific information about base rate neglect is provided in Table 18.
Table 18. Base rate neglect
Name of Bias:

Base Rate Neglect

Definition and explanation
of the bias

Base rate neglect is the tendency of people to deviate from Bayes theorem when
combining information from base-rates with sample data (Duh and Sunder, 1986). In
many contexts people are required to assess the probability of some target event (e.g.,
the diagnosis of a patient) on the basis of (a) the base-rate frequency of the target
outcome in some relevant reference population (e.g., the frequency of different
diagnoses), (b) some specific evidence about the case at hand (e.g., the patients
response to a diagnostic test). Studies have shown that people tend to underutilize base
rates, tending instead to rely more on the representativeness heuristic (Kunda, 2002).
This is the case even in situations in which the base rate information is explicitly provided
or made observable to the subject. (Kahneman and Tversky, 1996)

Individual factors that
promote the bias
(examples)

Studies about self-predictions (and predictions about friends) have shown that even when
one has extensive knowledge about oneself, errors in occur and subjects would be more
accurate if they took base rates into account (Kunda, 2002)

Information-related factors
that promote the bias
(examples)

Fischhoff and Bar-Hillel (1984; cited in Duh and Sunder, 1986) suggested that the effect
of base rates depended on the neutrality of individualising information relative to the
categories of prediction.

Situational factors that
promote the bias
(examples)

Ajzen (1977; citied in Duh and Sunder, 1986) suggested that causal base rates had more
impact than non-causal base rates in judging the probability of passing an examination or
of choosing a course. For example, if subjects were told that 75% of students passed a
test (versus 25% of students) implying that the test was easier then subjects were more
likely to take the base rate into account. Thus meaningful base rates are more likely to be
used that seemingly arbitrary ones (Kunda, 2002).

Effect of the bias

People make incorrect estimates of event occurrences by not taking into account base
rates of the occurrences.

Historical examples of the
bias in action

See Heuer (1999) example earlier in this section.

Possible solutions to
reducing or eliminating the
bias

Restoring a base-rate effect by stressing the representativeness of a sample in which
surprising behaviours had been observed (Hansen and Donoghue, 1977; Hansen and
Lowe, 1976; Wells and Harvey 1978; all cited in Kahneman & Tversky, 1996)
Studies have identified factors that enhance the use of base-rate information in
experimental studies:
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a)

presenting the base-rate data after the general description of what is being
estimated (Krosnick, Li and Lehman, 1990; cited in Kahneman and Tversky,
1996)

b)

varying base rate information across trials (Bar-Hillel and Fischhoff, 1981; cited
in Kahneman and Tversky, 1996)

c)

encouraging the participants to think as statisticians (Schwarz, et al., 1991; cited
in Kahneman and Tversky, 1996)

d)

framing the questions in terms of long-run frequencies (Kunda, 2002)

Human Decision-Making Biases

Humansystems®

Table 19. Variations of base rate neglect
Name

Definition/Example

Link to Base Rate Neglect

Law of small numbers

Even small samples are viewed as highly
representative of the populations from which
they were drawn

One way in which people fail to use base
rates properly is to make generalisations
from a small sample size

Under uncertainty, there is evidence that at times people do not take probabilities into account at
all. There are many causes, though one example is when individuals focus on a single occurrence
Neglect of base rate probability has been found in medical decisions (Baron, 2000), ecology
(Kahneman and Frederick, 2001) and the judicial system (Baron, 2008). Efforts to eliminate
statistical reasoning errors, using probes designed to encourage subjects to think about the
implications of probabilities have assisted better more accurate use of prior probabilities.
Conjunction Bias - Conjunction bias is another example of faulty statistical reasoning. It occurs
when people asked to make judgments about the probability of two events or circumstances
mistakenly rate the probability of both events occurring to be higher than the probability of a single
event occurring. For example, a common example used by Tversky and Kahneman (1982) showed
the conjunction bias to be consistent and pervasive. A hypothetical person named ‘Linda’ was
described as either a bank teller and/or as a person having characteristics that are consistent with
those of a feminist. Participants were then asked to rate the probability that she is either (1) a bank
teller, or (2) a bank teller who is active in the feminist movement. Given this information, most
people estimate the probability of (2) as being higher than that of (1). This is a problem because it
defies logic to argue that two independent events are more probable than a single event.
Conjunction bias tends to happen when the additional event or circumstance is more
‘representative’ than the first event alone. As such, use of the representativeness heuristic is the
basis of this error.
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Table 20. Conjunction bias
Name of Bias:

CONJUNCTION BIAS

Definition and explanation of the
bias

Basic probability rules state that if A includes B, then the probability of B cannot
exceed the probability of A. However, many people make this error when B is more
representative of some sample (Kahneman and Tversky, 1996).
This result has been found across many domains (medical, judicial, criminal,
educational, etc) even involving experts in these fields (Tversky and Kahneman,
1983).
Evidence of this bias has been found in both within and between subject’s
experiments showing that individuals do not derive answers from a coherent
structure of estimates or beliefs (Kahneman and Tversky, 1996). There do not
seem to be any individual factors that affect this bias. Instead, this bias has been
shown in lay persons, experts, and students alike.
Alert individuals were found in one study to be less likely to make conjunction error
than tired individuals (Kunda, 2002).
Extensional cues (such as specifying the numerical size of a reference class,
Hertwig and Gigerenzer, 1999) have been shown to reduce the bias (Kahneman
and Tversky, 1996).

Individual factors that promote the
bias (examples)

Information-related factors that
promote the bias (examples)
Situational factors that promote
the bias (examples)

Estimating frequencies, not percentages, has been shown to reduce (but not
eliminate) this bias (Kahneman and Tversky, 1996).

Effect of the bias

The representativeness of sets affects people’s abilities to estimate the probabilities
of things logically, even on simple reasoning questions.
Reversing the order of the questions has been shown to reduce this bias (i.e.
asking for estimates of the more specific characteristics first) (Kahneman and
Tversky, 1996). Also, rephrasing problems in terms of frequencies (e.g. of 100
persons who fit this description, how many are A versus A + B) reduces the
conjunction error (Kunda, 2002)

Possible solutions to reducing or
eliminating the bias

Neglect of Regression toward the Mean - Another form of faulty statistical reasoning relates to
our common failure to account for regression to the mean. This can occur if we give too much
weight to a single extreme example. When a single measured event is considered atypical or
“extreme” (relative to the more typical or expected mean), the second time is it is estimated, a
correct estimate would be to assume that it will be closer to the mean the 2nd time. However, people
tend to believe that if the first estimate is extreme, the 2nd one will be as well. Hence, they tend to
disregard natural regression to the mean in their subsequent estimates. They overlook the fact that a
sample pulled from a population will be more likely to be closer to the mean than to the initial
extreme sample. The expected performance of sports teams (or players) is a common source of this
type of bias. After teams that have been performing atypically well return to just average
performance, fans are often surprised and dismayed (Kunnath, 2008), when in fact, a return to
typical performance is more statistically probable than atypically good performance.
Interestingly, the literature also suggests some opportunistic usage of regression to the mean on the
part of drug companies. For example, it is common in many drug studies to select patients for
inclusion in a study if their scores on some measure are high. These individuals than take a drug for
a specified period of time and are re-tested. Unsurprisingly, their scores are now lower because of
natural regression to the mean and the drug companies argue that the effect of the drug has been
proven. In reality, if there was no drug intervention and the same group of “high scoring”
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individuals were tested at a specified time later, as a matter of course, they would still show a lower
score due to regression to the mean (Streiner, 2001). If the “high scoring” individuals been
assigned randomly to a control group or a drug group then any differences in results between those
two groups would have been more valid and should be given more weight. More information about
regression to the mean is shown in Table 21.
Table 21. Disregard for regression toward the mean
Name of Bias:

Disregard for Regression toward the Mean

Definition and
explanation of the bias

Regression toward the mean (also called reversion to the mean) is a phenomenon that is easy
to miss (Campbell & Kenny, 1999, p. xiii; as cited in Pezdek and Eddy, 2001). It involves a
subtle interplay between statistical means and individual performance. When a single
measured event is considered atypical or “extreme” (relative to the more typical or expected
mean), the second time is it is estimated, a correct estimate would be to assume that it will be
closer to the mean the 2nd time. However, people tend to believe that if the first estimate is
extreme, the 2nd one will be as well. Hence, they tend to disregard natural regression to the
mean in their subsequent estimates. Further, the more extreme the initial measurement or
estimate, the more regression to the mean is likely to occur (as distributions tend to have a
normal shape, with the majority of occurrences at the midpoint).

Individual factors that
promote the bias
(examples)

Regression toward the mean is an artifact that as easily fools statistical experts as lay people
(Campbell & Kenny, 1999, p. xiii; as cited in Pezdek and Eddy, 2001).

Information-related
factors that promote
the bias (examples)

When people notice patterns that are due to regression to the mean, they tend to create much
more elaborate causal theories to account for the results (e.g., people generate psychological
theories to explain why children of brilliant people are not as brilliant, or why the rookie of the
year performs less well the following year) (Kunda, 2002).

Situational factors that
promote the bias
(examples)

This situation only occurs when a subset of extremes is retested a second time.

Effect of the bias

There are two possible effects of this bias.

Possible solutions to
reducing or eliminating
the bias

1)

Disregarding Regression to the Mean: by expecting extreme performance to
continue. This can occur when attempting to make predictions about the future
and/or being surprised at results that are closer to the mean than expected.

2)

Mis-Attribution: When results are closer to the mean, this is a sign that regression to
the mean may be the cause, not another factor.

Statistical training can increase the chances of recognizing this phenomenon in common
environments (Kunda, 2002);

This error in causality has occurred in a wide variety of domains where genuine attempts at
improvements were misconstrued as successful (e.g., improving safety in traffic intersections,
improving dropout rates in schools, reducing crime, etc), when in fact, they represented typical
regression to the mean.
Other Statistical Biases or Errors - There are, of course, many other examples of failure to use
proper statistical reasoning when making judgments or estimates. Insensitivity to sample size is one
bias that is also noted in the literature. When asked to make decisions, people often fail to account
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for small sample sizes when gauging their responses. Janser (2007, p. 4) cites an example of town
with 2 hospitals. One is small and has about 15 babies born each day, whereas the other is large and
has about 45 babies born each day. Given that a 50/50 ratio of boys to girls is typical, and that over
60% of births each day tend to be boys, participants are asked the probability that each of the
hospitals will have days in which more boys are born. Given the smaller sample size at the small
hospital, it is more likely that this hospital will have a more unequal distribution of baby boys to
baby girls. The larger sample size of the bigger hospital makes the ratio more likely to be closer to
50/50.
Another relevant error noted in the literature is scope neglect (also called extension neglect). For
example, when asked how much of a tax increase people would be willing to absorb to save 2,000,
20,000 or 200,000 birds, the responses were $80, $78 and $88 respectively. This example shows
the typical pattern of scope neglect, namely that exponential increases in scope create linear
increases in willingness-to-pay. Humans do not effectively increase their response levels when the
quantity of objects being affected changes.
Kahneman (2003) suggests that this tendency is explained by prospect theory, where the subject
constructs a prototype (in the example above possibly the image of a bird, tired, and covered in oil)
and value that prototype, neglecting to see the extension to the quantity of birds. Another
explanation is that people have a consistent ‘good cause dump’ value for moral satisfaction,
suggesting that no matter what the effect people are willing to pay the same amount, the amount
that causes them to feel a ‘warm glow’ in themselves (Yudkowsky, 2006). Human lives are also
subject to scope neglect, with studies showing no effect when the number of lives changes by a
factor of 10. Yudkowsky (2006) supports Kahneman (2003), suggesting that:
“…the prototype image elicits most of the emotion, and the scope elicits a smaller amount
of emotion which is added (not multiplied) with the first amount… Human emotions take
place within an analog brain. The human brain cannot release enough neurotransmitters
to feel emotion a thousand times as strong as the grief of one funeral. A prospective risk
going from 10,000,000 deaths to 100,000,000 deaths does not multiply by ten the strength
of our determination to stop it. It adds one more zero on paper for our eyes to glaze over,
an effect so small that one must usually jump several orders of magnitude to detect the
difference experimentally” (Yudkowsky, 2006, p. 15).
In another study, the following three options were rated on a response scale from 0 (would not
support at all) to 20 (very strong support) about where to spend airport equipment money:
A - Saving 150 lives
B - Saving 98% of 150 lives
C - Saving 85% of 150 lives
Support for A (saving 150 lives) was the lowest (10.4); whereas B was the highest (13.4) with C
somewhere in between. The hypothesis was that by adding in the percentages the effect becomes
more evaluable (i.e. something that does 98% of something must be good because it is close to the
upper bound). Further studies looking at possible risks versus possible benefits in nuclear power
found that “providing information that increased perception of risk, decreased perception of benefit
and providing information that decreased perception of benefit, increased perception of risk.
Finucane et al. (2000; as cited in Slovic et al., 2005) also found that time pressure greatly increased
the inverse relationship between perceived risk and perceived benefit - presumably because time
pressure increased the dominance of the affect heuristic over analytic reasoning.” (Schwarz &
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Clore, 2003, p 13). This heuristic is also associated in the literature with the term “psychic
numbing”. This stems from the prominent examples (noted above) in which increased loss of life
was not associated with increased concern.
As a whole, then, the failure to follow proper statistical rules and probabilities when reasoning is a
prevalent human shortcoming.
Illusory correlation is another bias noted in the literature (e.g. Janser, 2007). In short, people often
tend to see two events that happen in close proximity to each other as being causally related. For
example, gardeners commonly complain that it often rains immediately after they water their
garden. Although this might happen by chance sometimes, they may actually argue that it is raining
because they just watered, rather than coincidentally.

3.11 Social or Group Biases
Given the increasing importance of teams in military activities (e.g., Essens et al., 2005), it is vital
to understand the impact of social or group biases as these biases will impact on team decisionmaking processes. There are many social human decision-making biases and errors noted in the
literature. These biases can be categorized as those involving oneself in relation to other people
(e.g., egocentric bias), or as those that occur in the context of interacting with other people (e.g.,
false consensus, false consensus effects, groupthink, the fundamental attribution error, ingroup
biases, and stereotypes). It is important to note that social biases and errors have the generic human
biases (e.g., representativeness and availability) at their core. However, these biases are uniquely
manifested within social contexts, and each have distinct nuances.
In order to understand social or group biases, we need to understand social influence processes.
Social influence can be described as “…the ways in which the opinions and attitudes of one person
affect the opinions and attitudes of another person” (Martin & Hewstone, 2003, p. 2). Social
influence often relies on the normative information people receive about their own behaviour and
the behaviour of their relevant peer groups. Social influence has been identified as serving two
functions: maintaining group norms (social control) and changing group norms (social change)
(Martin & Hewstone, 2003).
It has been argued within the social influence literature that we are driven by three primary motives
(Cialdini & Goldstein, 2004; Wood, 2000), and these motives impact our interactions with other
people:
•

Self-concept: ensuring coherence and favourable self-evaluation; maintaining a
positive self concept.

•

Affiliation: building and maintaining relationships; ensuring good relationships with
others given their status.

•

Informational: effectiveness; understanding the data inherent in an influence appeal.
This motivation has also been interpreted as being accuracy related.

That is, we strive to see ourselves in a positive light, to affiliate with others, and to use the
information we receive to be accurate and consistent. In order to meet these goals, we are often
compelled to look beyond our own judgements and find “markers” for our attitudes, beliefs and
behaviours. This process of looking beyond our own intuitions or judgments is the basis of social
influence biases. In this process, individual group members seek unanimity essentially to preserve
and validate their commitment to a group (Janis, 1972). The desire to achieve consensus within the
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group can override the quality of the decisions made because factors, such as an illusion of
invulnerability and the pressure to conform to the in-group, diminish group members’ capacity to
consider alternatives and search for meaningful information.
Several specific social biases are prominent in the literature. Some of these are discussed in the
sections that follow.
Egocentric Bias - Egocentric bias involves the tendency to see everything from our unique point of
view. According to Piaget (1950; as cited in Berk, 2002), children under 6 or 7 are extremely
egocentric. They cannot yet understand that other people have different thoughts and feelings. As
such, they are prone to egocentric biases. However, egocentric biases are also prominent in adult
life. People generally are prone to believe that they have unique interests, knowledge and skills
when these are often more similar to those of others than they believe. This is the case, in part,
because people have more access to their internal needs and thoughts than other people. Given the
salience of their own thoughts and feelings (e.g., the availability heuristic), however, they may be
more likely to give their own opinions and interests more weight than those of other people, or to
rely more on their own experience when making their decisions (e.g., rather than more generic base
rates). Egocentric biases are described more in Table 22.

Page 34

Human Decision-Making Biases

Humansystems®

Table 22. Egocentric bias
Name of Bias:

Egocentric Bias

Definition and explanation of the
bias

Individuals sometimes see the world from their point of view (which they believe is
superior), rather than considering another person’s point of view or other sources of
information.

Individual factors that promote
the bias (examples)

Children are more egocentric than adults (Gilovich, Medvec & Savitsky, 2000; Berk,
2002), and some adults are more egocentric than others. However, most people
are prone to show egocentric biases at times.

Information-related factors that
promote the bias (examples)

When people are not provided with necessary information (e.g., statistics), they will
base their responses more on their own egocentric reasoning than on base rate
information (Krueger & Clement, 1994)

Situational factors that promote
the bias (examples)

Time pressure and stress can exacerbate this bias

Effect of the bias

People consider themselves more when making decisions and judgements. People
also favour their opinions more than others’, believe they are more accurate than
others’ (Krueger & Clement, 1994), and believe they help out more than others.

Possible solutions to reducing or
eliminating the bias

When those who are over-rewarded are aware of the distress from those who are
under-rewarded, egocentrism is decreased (O’Malley & Becker, 1984; as cited in
Leung, Tong & Ho, 2004).
During negotiation, egocentric bias was diminished when people are asked to
consider arguments that run counter to their own views (Babcock, Loewenstein &
Issacharoff, 1997; as cited in Leung, Tong & Ho, 2004). Asking one-sided
questions can affect one’s self conception also (Kunda, 2002).

Relevant academic research

Ross & Sicoly (1979; as cited in Myers & Spencer, 2004) asked couples to estimate
their contribution to housework. The couple’s answers exceeded 100%, showing
that couples felt that they contributed more than they actually did.
Gilovitch, Medvec & Savitsky (2000) found that people overestimate the number of
observers who would remember what they were wearing. Results also showed
people overestimate how prominent they were during a discussion.
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Table 23. Variations of the egocentric bias
Name

Definition/Example

Link to Egocentric Bias

Spotlight effect

We believe the “spotlight” shines
on us more than it actually does
(Gilovich, Medvec & Savitsky,
2000)

Because we see the world from our own point of view, we
believe that everyone else sees it this way as well, thus we
assume people pay attention to our actions more than they
actually do

Self-serving bias

Taking credit for success and
denying responsibiltiy for failures;
as well as a tendency for people
to see neutral information in their
favour

When faced with a positive outcome, both the egocentric
bias and the self-serving bias result in people taking credit,
however, when faced with a negative outcome, only the
egocentric bias results in people taking responsibility,
whereas people using the self-serving bias deny this
responsibility

Ethnocentris bias

“A belief in the superiority of
one’s own ethnic and cultural
group, and a corresponding
disdain for all other groups”
(Myers & Spencer, 2004, p. 422)

Believing our opinion is superior promotes the attitude that
one’s cultural group is also superior

False Consensus Effect - The false consensus effect (FCE) can be understood as our tendency to
construe our own judgements and choices as being similar to the accepted norm while construing
judgments and choices that differ from our own as deviant or uncommon (Ross, Greene & House,
1977). As such, we perceive greater support for our own positions compared to other counter
positions. This phenomenon appears to be the result of biased cognitive mechanisms. As such, a
person asked to rate the proportion of people in Canada who were pro-life (rather than pro-choice)
would typically rate Canadians as having more pro-life attitudes if they were pro-life themselves.
Jones and Roelofsma (2000) argue that a range of cognitive biases might contribute to the FCE. For
example, the availability heuristic may contribute to FCE. We tend to associate with people who
are similar to ourselves and, subsequently, are selectively exposed to beliefs and ideas similar to
our own. This exposure may result in our being able to retrieve ideas that are similar to our own
more readily than ideas that are dissimilar to our own (i.e., availability). This restricted sample
leads us to over estimate the level of consensus for our own position within the general population.
Similarly, the FCE is impacted by the salience of and the amount of attention we focus on a
particular position. Marks and Duval (1991; as cited in Jones & Roelofsma, 2000) found that
participants perceived more consensus for a position when they were focused on the position.
Attention to a position may, in fact, prevent us from considering possible alternatives. Another
explanation for the FCE is differential construal or resolution of ambiguity. Because situations are
often ambiguous, we supply our own interpretation. However, the aspects of an event that we focus
on influence our consensus estimates. As noted in the affect heuristic section, our estimates of the
proportion of people who enjoy driving will depend on whether we imagine taking a leisurely
Sunday drive or being stuck in rush hour traffic (Jones & Roelofsma, 2000). Additional
information on the false consensus effect is shown in Table 24.
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Table 24. False consensus effect
Name of Bias:

FALSE CONSENSUS EFFECT

Definition and explanation
of the bias

The tendency for individuals to construe their judgements and choices as similar or
common to the norm while those of others that differ are construed as dissimilar or
uncommon (Ross, Greene, & House, 1977; as cited in Jones & Roelofsma, 2000).
The mistaken belief that other people see issues the same as we do.

Individual or group factors
that promote the bias
(examples)

Focus on one’s own position at the expense of other alternative positions.
Lack the imagination to entertain alternative positions.
Causal attribution originating from the object or situation and not the self, leading to greater
consensus with other people. However, this runs counter to the fundamental attribution
error.
Motivation to achieve consensus (similarity) with others to “bolster perceived social support,
validate the correctness or appropriateness of a position, maintain self esteem, maintain or
restore cognitive balance, or reduce tension associated with anticipated social interaction”
(Marks & Miller, 1987; as cited in Jones & Roelofsma, 2000).
Motivated to achieve consensus when the topic is important to an individual or dissimilarity
is a threat to the self, especially when it represents a perceived weakness in the self
(Sherman, Presson, & Chassin, 1984; as cited in Jones & Roelofsma, 2000)
The false consensus effect is stronger when a person: is around people who are similar to
them, attributes behaviour to the situation rather than disposition, has attention toward one
position rather than alternatives, is certain their position is correct (Marks & Miller, 1985; as
cited in Jones & Roelofsma, 2000), believes the issue is important, compares opinions
rather than abilities (Campbell, 1986; as cited in Jones & Roelofsma, 2000), is threatened
(Sherman et al., 1984; as cited in Jones & Roelofsma, 2000), involves positive qualities
(van der Pligt 1984; as cited in Jones & Roelofsma, 2000), and is a minority (Mullen & Hu,
1988; as cited in Jones & Roelofsma, 2000).

Information-related
factors that promote the
bias (examples)

Lacking the information required to generate an alternative position.
Having only partial information and the trade-off is too high to obtain the missing
information.
Lacking social information about others, their views, interpretations, and future actions,
which allows individuals to make assumptions and false estimates.

Situational factors that
promote the bias
(examples)

Time pressure
Ambiguity - Ambiguous situations that require us to fill in the explanation with our own
interpretation.
The selective exposure (availability) to individuals with a similar position. Comparison with a
restricted sample.

Effect of the bias

Overconfident certainty in our own position in relation to others.

Possible solutions to
reducing or eliminating
the bias

Encouraging others to think of alternative positions.
Encouraging others to consider individuals who do not fit the restricted or self-selecting
sample.
Challenge one’s own assumptions.
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Table 25. Variations of the false consensus effect
Name

Definition/Example

Link to False Consensus Effect

Illusion of
transparency

People overestimate others' ability to know
them, and they also overestimate their
ability to know others

We assume people know what we know about
ourselves because we tend to assume people
think like us, for example, if I know I like dogs, I
assume other people know I like dogs

Jones and Roelofsma (2000) argue that the false consensus effect can have an impact in command
and control (C2) teams. For instance, the military personnel have the potential to show false
consensus effects when there is a lack of information available because the information is not
possible or practical to acquire, there is a time pressure, or there is competition between teams. In
addition, team members also may implicitly predict the actions of the other team members, without
having proper communication channels to check these assumptions. Both lacking information and
making implicit estimates of others can result in teams making assumptions and enhancing the
false the consensus effect.
Groupthink - Groupthink can be understood as our tendency as individual group members to seek
unanimity essentially to preserve and validate our commitment to a particular group (“in-group”)
(Janis, 1972). In this sense, our desire to achieve consensus overrides the quality of the decisions
we make because factors, such as an illusion of invulnerability and the pressure to conform to the
in-group, diminish the group’s capacity to consider alternatives and search for meaningful
information. As Janis (1972, p. 9) explains, groupthink leads to “a deterioration of mental
efficiency, reality testing, and moral judgement that results from in-group pressures”.
The Bay of Pigs invasion in 1961 is often cited as a good example of groupthink. In 1961, the US
government had a plan to overthrow the Castro government with a small brigade of Cuban exiles in
the Bay of Pigs invasion (Johnson, 2001). Within days, the entire invasion force was killed or
captured and the U.S. government had to send food and supplies to Cuba as ransom for those force
members still alive. The invasion plan had been based on several key assumptions, all of which
proved to be wrong. In fact, subsequent historical analysis suggests that sufficient information was
available during the planning process that indicated the assumptions were wrong. However, neither
President Kennedy nor his advisors expressed any serious doubts about the invasion during the
planning phase. According to Janis (1972; as cited in Jones & Roelofsma, 2000), President
Kennedy and his advisors were experiencing groupthink. In his account of the Bay of Pigs fiasco,
Arthur Schlesinger castigates himself “for having kept so silent during those crucial discussions in
the Cabinet Room…I can only explain my failure to do more than raise a few timid questions by
reporting that one’s impulse to blow the whistle on this nonsense was simply undone by the
circumstances of the discussion” (Janis, 1982, p. 39).
Several factors, both cognitive and social, are argued to have the potential to promote groupthink.
One way to explain how groupthink emerges in group decision-making is through shared mental
models (Fischhoff & Johnson, 1997, cited in Jones & Roelofsma, 2000). Mental models are
knowledge structures about phenomena that emerge from our experience and interaction with the
world. We use them to explain and predict events in the world, and then guide our behaviour.
Despite providing us with a stable basis of understanding, mental models are often incomplete and
may blind us to particular facts that might counter our beliefs. And, as Jones and Roelofsma (2000,
p. 1142) explain, “given the assumption that the mental model of each group member is capable of
explaining a specific subset of observed phenomena, then the higher the degree to which members’
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mental models are shared, the lower the explanatory power (or completeness) of the combined
model”. Any kind of overlap, therefore, likely produces greater confidence in one’s position and
higher agreement between group members (Jones and Roelofsma, 2000). At the social level, Jones
and Roelofsma (2000) identify highly cohesive groups as a strong predictor of groupthink because
identification with the group and its members (shared norms, attitudes and experiences) matter
more than the logic of the decision and/or action. This cohesion could be further strengthened as
members achieve a desired level of status and/or personal goals within the group (Noorderhaven,
1995, cited in Jones & Roelofsma, 2000). Groupthink is described in more detail in Table 26.
Table 26. Groupthink
Name of Bias:

GROUPTHINK

Definition and
explanation of the bias

The tendency of individual group members to seek unanimity and fail to give adequate
consideration to alternative courses of action essentially to preserve and validate their
commitment to an in-group (Janis, 1972; as cited in Jones & Roelofsma, 2000). The desire
to achieve consensus diminishes the group’s capacity to consider alternatives and search
for meaningful information. Groupthink leads to “a deterioration of mental efficiency, reality
testing, and moral judgement that results from in-group pressures” (Janis, 1972, p. 9; as
cited in Jones & Roelofsma, 2000).

Individual or group
factors that promote the
bias (examples)

Strong affiliation and commitment with the group leads to greater conformity and less
disagreement. Confirmation bias when works to interpret information in the desired light
Cohesive, small and familiar – high level of homogeneity
Groups with one person who has an extreme opinion are more subject to groupthink
Low self-esteem or sense of self-efficacy
Overestimation of the group (invulnerability, belief in inherent morality)
Closed mindedness (collective rationalization, stereotypes)
Conformity pressures (false consensus, pressure on dissenters)
Groupthink is stronger in groups that are moderate or highly cohesive, have strong directive
leadership, are under time pressure, and have an important complex decision to make
(Jones & Roelofsma, 2000).
Having one prominent group members strongly committed to one perspective can
exacerbate groupthink

Information-related
factors that promote the
bias (examples)

Having fewer options “on the table” makes groupthink more likely to occur

Situational factors that
promote the bias
(examples)

High stress from external threats

Effect of the bias

Important information is overlooked, suboptimal decisions are made

Historical examples of
the bias in action

Japanese attack on Pearl Harbour (WWII), Bay of Pigs (Cuba); Titanic

Possible solutions to
reducing or eliminating
the bias

Encourage critical thinking in groups, reward diversity of opinions, support dissension, guard
against quick conclusions
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Table 27. Variations of groupthink
Name

Definition/Example

Link to Groupthink

Authority bias

The tendency to value an ambiguous stimulus
(e.g., an art performance) according to the
opinion of someone who is seen as an authority
on the topic

Similar to groupthink, authority bias stems from
a deterioration of mental efficiency, where it
becomes easier to adopt someone else’s
opinion rather than create one of your own

Herd instinct

Common tendency to adopt the opinions and
follow the behaviors of the majority to feel safer
and to avoid conflict

While herd instinct and groupthink are very
close in definition, groupthink focuses on
adopting the thinking of the group, while the
focus of herd instinct is adopting the behaviours
of a group

Though groupthink has been widely accepted in common understanding, Jones and Roelofsma
(2000) argue that there are a number of problems associated with groupthink and the
methodologies used to study it. For example, as a theory, groupthink does not address aspects of
group decision-making, such as group polarization, nor does it consider group variables, such as
group norms, the power of the leader, the history of the group, and task characteristics. Moreover,
Jones and Roelofsma explain that approaches to provide empirical support for groupthink typically
consider “partial tests of the theory” rather than more holistic tests. Nonetheless, groupthink
remains perhaps the best known social bias in the literature.
Ingroup Bias - The ingroup bias refers to our tendency to over-evaluate or favour our own groups
and/or to under-evaluate or derogate groups to which we do not belong. This bias has been found to
exist even when groups were formed by randomly assigning individuals to ad hoc groups (Tajfel &
Turner, 1979). The most prominent explanation for ingroup bias is social identity theory (Tajfel,
1982). This theory claims that our self-evaluations are shaped in part by our group memberships.
Having positive views of our group enhances our own self-esteem. Our self-esteem is further
enhanced by viewing our own group more favourably than other groups.
Scheepers et al. (2006) argue that the ingroup bias has two functions. The first function is
instrumental. That is, the ingroup bias can facilitate the achievement of certain material goals. Such
material goals can be personal goals (e.g., make a profit) or group goals (e.g., enact social change).
The second function is related to identity. That is, the ingroup bias can create and express a
positive, distinct, and meaningful social identity.
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Table 28. Ingroup bias
Name of Bias:

INGROUP BIAS

Definition and explanation of the
bias

Favouring one’s own group. For example, to maximize self-esteem, people
evaluate their ingroups more highly than outgroups (Lindeman, 1997; as cited in
Myers & Spencer, 2004)

Individual or group factors that
promote the bias (examples)

When people feel vulnerable (Myers & Spencer, 2004), ingroup biases increase

Information-related factors that
promote the bias (examples)

Perception of a common enemy (Myers & Spencer, 2004) increases ingroup biases

Situational factors that promote
the bias (examples)

Smaller group and lower status (Ellemers et al., 1997; Mullen et al., 1992; as cited
in Myers & Spencer, 2004)
Competition can increase ingroup bias (Comaroff & Stern, 1995)
Presence of a threat (Stephan et al., 2002; as cited in Castelli et al., 2008)

Effect of the bias

Favouring the ingroup results in a “them versus us
mentality.

Historical examples of the bias in
action

Rwanda genocide – radio stations hoping to incite violence used strong messages
attempting to prominent ingroup bias (e.g., denigration of the target tribe)
Holocaust

Possible solutions to reducing or
eliminating the bias

Pointing out commonalities between the two groups

Table 29. Variations of the ingroup bias
Name

Definition/Example

Link to Ingroup Bias

Self-serving bias

The tendency to claim more responsibility for
successes than failures. It may also manifest itself as a
tendency for people to evaluate ambiguous information
in a way beneficial to their interests

While the ingroup bias favours
the group one belongs to, selfserving bias favours the
individual

Ethnocentrism bias

The belief that members of one’s own ethnic group are
inherently superior to those of other groups

Ethnocentrism bias is a type of
ingroup bias that considers
only ethnic groups

Stereotyping - Stereotypes are the generalizations we have about another group of people. Our
stereotypes are based on the knowledge, beliefs and expectations we hold about the group (Kunda,
2002). Stereotypes incorporate the abstract knowledge we have about the group (e.g., lawyers are
aggressive) as well as exemplars of group members (e.g., my neighbour is a lawyer). These
categorizations provide information about how certain group members will look or act. We use
social stereotyping to simplify our interpersonal environment. Stereotyping begins with the
creation of a series of attitudes, beliefs and expectations about the members of another group.
Stereotypes can guide our expectations about group membership and can colour how we interpret
such group members’ behaviours and traits (Kunda, 2002). That is, stereotypes can help us to give
meaning to a list of attributes that might not make sense to us otherwise. For example, we might
make better sense of a person described as intelligent, dedicated, fatigued, stressed, and
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overworked if we know the person is an emergency room doctor. More information about social
stereotypes is provided in Table 30.
Table 30. Stereotypes
Name of Bias:

STEREOTYPING

Definition and explanation of the
bias

Stereotypes are commonly defined as “cognitive structures that contain our
knowledge, beliefs and expectations about a social group” (Kunda, 2002, p. 315).
Stereotyping is a form of bias induced by use of the representative heuristic.
Motivation, busyness, fatigue

Individual or group factors that
promote the bias (examples)
Information-related factors that
promote the bias (examples)

Ambiguous information or lack of information - When there is little information to
base a judgement of a person on, stereotypes are enhanced (Myers & Spencer,
2004)

Situational factors that promote
the bias (examples)

High levels of workload or time pressure can promote more stereotypes (e.g.,
Gilbert and Hixon, 1991)

Effect of the bias

Stereotypes can lead to prejudice, discrimination, racism and sexism.

Historical examples of the bias in
action

Women not being able to vote; actions of the Klu Klux Klan; Montreal Massacre
Negative stereotypes toward women (historical refusal to let women vote, Montreal
massacre), or negative attitudes toward racial groups (e.g., Ku Klux Klan and their
persecution of Black people)

Possible solutions to reducing or
eliminating the bias

The more someone knows a person, the less likely they are to stereotype (Borgida
et al., 1981; Locksley et al., 1980; as cited in Myers & Spencer, 2004)

Relevant academic research

Sinclair & Kunda (1999)

Table 31. Variations of stereotypes
Name

Definition/Example

Link to Stereotypes

Halo effect

The tendency for a person's positive or
negative traits to "spill over" from one
area of their personality to another in
others' perceptions of them (see also
physical attractiveness stereotype)

When a person is attractive, we expect they will also
be smart, funny, etc, which is a stereotype

Outgroup
homogeneity bias

Individuals see members of their own
group as being relatively more varied
than members of other groups

Stereotypes narrow our thinking, allowing us to only
see a few characteristics of the stereotyped group.
For example, people outside the military may view
soldiers as young men with guns, while soldiers see
themselves as men and women from all ages who
strive to protect their country and help others

Self-fulfilling
prophecy

The tendency to engage in behaviors that
elicit results which will (consciously or
not) confirm our beliefs

If we believe a person will act in a stereotypical way,
we may behave in a manner to invoke that
stereotype. For example, we stereotype that
homeless people buy alcohol with donation money,
so instead of giving them food, we give them money
to confirm our expectations
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Social stereotypes can also promote confirmation bias. To the extent that we use social stereotypes
rather than understanding individuals as individuals, we may interpret neutral behaviours and
actions to support the social stereotype. This confirmation effect has been shown in a range of
stereotype research, most notably research by Kunda and Sherman-Williams (1993). This research
showed that people with more negative attitudes toward Black people were more likely to interpret
a Black person’s behaviour as an aggressive shove yet interpret the behaviour as a playful push
when performed by a White person. Social stereotypes, then, can lead to prominent biases and
errors in judgements about the motives, skills and beliefs of the members of stereotyped groups.
Fundamental Attribution Error – When we judge the behaviour of ourselves or other people, a
common bias that we show is the fundamental attribution error (FAE). Although we are more
likely to describe other people’s behaviour as a result of their disposition (that is, as a function of
their character), we are more likely to interpret our own behaviour as a result of the situations that
we face (e.g., Jones & Nisbett, 1971). The fundamental attribution error leads to underestimating
the role of situational factors when we work to understand other people’s behaviour. This bias can
occur, in part, because we simply have more access to our own internal states. As such, when we
show certain behaviours, we are more likely to consider the influence of the situation when we
explain why we behaved as we did. On the other hand, when other people behave negatively, we
are more likely to attribute their behaviour to their own internal characteristics.
Myers and Spencer (2004) argue that humans have used the fundamental attribution error with
great efficiency and little harm over the course of human history. However, making dispositional
rather than situational attributions can also be very damaging. For instance, assuming that poor
people are poor because they are lazy does a great disservice to them. In many cases, it is important
to recognize the societal and situational determinants of their behaviour (e.g., challenging
economic times). Indeed, the fundamental attribution error can foster discrimination, prejudice and
stereotyping. Thus, although humans have learned to use the fundamental attribution error as an
efficient method to judge and categorize behaviour, it may backfire in certain situations.
Some psychologists have argued that the FAE may also be responsible for how we construe some
historical events. In judging the actions of the German officers during the Holocaust, for example,
a typical assumption might be that they must have been heartless monsters. However, as Milgram
(1974) and others (e.g., Zimbardo, 2007) have argued, this assessment might overlook the many
situational antecedents that could have contributed to their behaviour. The perceived threat to
personal safety, the pressure to conform, and a range of other factors could have contributed to
their inhumane actions. At the very least, tendencies toward the fundamental attribution error
should remind us to look beyond purely dispositional attributions (i.e., that they were bad people)
and to consider the situational constraints on the behaviour of other people.
More information about the fundamental attribution error is shown in Table 32.
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Table 32. Fundamental attribution error
Name of Bias:

FUNDAMENTAL ATTRIBUTION ERROR

Definition and explanation of the
bias

The fundamental attribution error is the tendency for individuals to attribute the
cause of other people’s behaviour to personal dispositions, but to attribute the
causes of their own behaviour to the situation (Jones & Nisbett, 1971). It is also
called the Correspondence bias - Seeing behaviour as corresponding to a
disposition (Myers & Spencer, 2004)

Individual or group factors that
promote the bias (examples)

More likely when it serves our best interests (Myers & Spencer, 2004)
Beauvois and Dubois (1988; as cited in Myers & Spencer, 2004) report that middle
class people are more likely to attribute behaviours to dispositions than less
advantaged people. In other words, they are more likely to believe that we get what
we deserve.

Information-related factors that
promote the bias (examples)

Anchoring may enhance the fundamental attribution error (Kunda, 2002)

Situational factors that promote
the bias (examples)

The fundamental attribution error can be enhanced when we are preoccupied, tired,
intoxicated or in a hurry (Kunda, 2002)

Effect of the bias

The implication of the fundamental attribution error is that our judgments about
other people are often incorrect, and we overlook the power of the situation in
interpreting their behaviour, but fail to recognize our dispositional limitations
(because we blame the situation, not ourselves).

Historical examples of the bias in
action

American Prisoners of War (POWs) in Chinese prison camps were forced to write
essays that were anti-US or pro-communism (Cialdini, 1993). The name of the
writer and the essay were broadcasted to other prisoner camps to show that the
POWs did believe in communism or they did hate the US (disposition), despite the
fact that they were persuaded to write the essay (situation).

Possible solutions to reducing or
eliminating the bias

Putting yourself in another person’s shoes, and understanding the world from their
perspective can reduce the probability of making dispositional attributions, because
it helps to understand the situational challenges that they face
Understanding the motives of the behaviour

Relevant academic research

Jones & Harris (1967; as cited in Kunda, 2002) were the first authors to examine
the fundamental attribution error. Participants were asked to read essays for or
against Fidel Castro, and to rate the attitude of the writers. Results showed that
participants rated the writers as having consistent attitudes with the essay, even
when their position on Castro was determined by a coin toss.
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Table 33. Variations of the fundamental attribution error
Name

Definition/Example

Link to Fundamental
Attribution Error

Illusion of transparency

The tendency to overestimate other peoples insights to
our own internal states (Gilovich, Savitsky & Medvec,
1998). This overestimation occurs because we use our
phenomenonology as an anchor and adjust
inadequately

Similar to FAE, this bias
involves false assumptions
about others (in this case the
assumption that others know
our internal state just like we
do).

The fundamental attribution error can result in gross misconceptions of people’s behaviour and
intentions. According to Woocher (2008), intelligence and political analysts may exhibit this bias
when assessing leader’s intentions. Intelligence or political analysts may link aggressive actions
with aggressive intentions. Specifically, analysts may not take into account the pressures a leader
may be under when acting aggressively.
Overview of Social Errors and Biases
As a whole, then, there are a number of relevant social biases that are likely to impact on how
people work together, and on how teams function. As noted, these biases all stem from availability
and representativeness heuristics applied within the social domain. Stereotyping, for example,
relies on people seeing people solely as representatives of a specific group, often to the exclusion
of seeing their unique and individual qualities. More perniciously, reliance on this
representativeness heuristic can be problematic because observed behaviour that is different from
expected behaviour can easily be ascribed meaning that is consistent with one’s expectations (e.g.,
confirmation bias).

3.12 Other Biases
Given the complexity of human decision-making, there are obviously also many other forms of
bias that can impact. These biases are explored in more detail in the sections that follow.
3.12.1 Simulation Heuristic
Originally discussed in the early work of Tversky and Kahneman (1974), the simulation heuristic
refers to the fact that we tend to determine the likelihood of an event based on how easily we can
picture the event in our minds. Reliance on the simulation heuristic leads to biases because the ease
with which events can be recreated or simulated in our minds guides our estimates of how likely or
frequent the event is. This is potentially problematic because the ease of retrieval about an event
may not be the best predictor of its likelihood or frequency. The impact of this, then, is that rather
than basing our judgments on how probable and frequent events actually are, we base our
judgements on how easily we can recreate them in our minds. This ease of simulation, then, has the
effect of systematically biasing our decision-making.
For example, research shows that we are more likely to regret missed outcomes that are easier to
imagine (“near misses”) than outcomes that are harder to imagine. For example, bronze and silver
medallists at the 1992 Summer Olympics were questioned about their emotional reactions to their
performance directly after completing their events and when on the podium (Medvec, Madey, and
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Gilovich, 1995). Bronze medal winners were found to be happier than the silver medal winners.
These researchers argue this is because silver medallists could more easily imagine winning the
gold medal than athletes who won bronze medals. Hence, they experience more regret because they
are better able to simulate the desired event.
It is important to note that the simulation heuristic is closely related to both the availability and
representativeness heuristics. For silver medallists, the desired outcome (i.e., winning) is simply
more available than would be the case for bronze medallists, making the disappointment of not
winning even more salient. Another way of framing this is that silver medallists are simply better at
imagining themselves as representatives of the “winner” category.
Table 34. Simulation heuristic
Name of Bias:

SIMULATION HEURISTIC

Definition and explanation of the
bias

People base their judgements of an outcome on the ease and frequency with which
a scenario can be simulated in their minds (Tversky & Kahneman, 1982; as cited in
Hirt & Markman, 1995)

Individual factors that promote
the bias (examples)

Creativity

Information-related factors that
promote the bias (examples)

Some information is naturally more amenable to simulation that others.

Situational factors that promote
the bias (examples)

Outcomes that can be easily simulated are assumed to be more likely while the
opposite holds true for difficult simulations (Hirt & Markman, 1995)

Effect of the bias

There’s a tendency for people to think: if only. For example, when asked to rate the
anger in two men who missed their flights. Although both men knew they would
miss their flight, one man missed it by 5 minutes, while the other man missed it by
one hour. People would rate the 5 minute man as more angry because they can
picture situations that made him 5 minutes late (e.g., getting stopped at a red light,
waiting in line for coffee), more easily than situations that made him one hour late.
Thus, scenarios that are easily brought to mind are judged as more likely than
scenarios more difficult to bring to the forefront of the mind.

Relevant academic research

Medvec et al. (1995)

Although the simulation heuristic is very closely related to the availability heuristic, but they
emphasize slightly different psychological processes. Whereas the simulation heuristic emphasizes
the self simulation process, the construction of “what if” scenarios (which are influenced by the
ease of imagining the scenario), the availability heuristic emphasizes the many different ways in
which a target or event could be remembered or imagined (i.e., including, but not solely through
simulation).
Although prominent in the Kahneman and Tversky “heuristics and biases” program of research,
however, the simulation heuristic as a unique construct is much less prominent in more recent
research. The general psychological processes that underlie the simulation heuristic, however,
continue to be researched and explored, particularly under the rubric of the concept called
“counterfactual thinking” (see Mandel, Hilton and Catellani, 2005). This refers to the tendency for
people to think about an option that was not selected (e.g., what if).
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3.12.2 Outcome Bias
Outcome bias refers to the human tendency to judge the quality of the process leading to an
outcome based solely on the outcome. Hence, if the outcome was a positive one, we are more
likely to rate the process leading to the outcome more positively than if the outcome was negative.
This, of course, is a biased judgment. Even if the outcome of a process is not positive, it does not
necessarily reflect solely on the validity of the process. This bias is closely related to hindsight
bias, or the tendency to believe that one could see the outcome “coming” once it is known.
However, hindsight bias is not specifically limited to reconstruing the outcome of events, but could
be any form of retrospective judgement.
There are a number of situations where the outcome is independent of the situation. However,
when judging the actions or decision of the people involved, we take into account the result of the
actions or decisions. Specifically, we usually perceive a decision negatively when it is linked with a
poor outcome. Likewise, we would judge the same decision positively when the outcome is good.
Information related to the use of the outcome bias is described in more detail in Table 35.
Table 35. Outcome bias
Name of Bias:

OUTCOME BIAS

Definition and explanation of the
bias

Outcome bias occurs when people judge the quality of a process by its outcome. A
decision will be retrospectively evaluated more negatively when it has a negative
outcome, and more positively with a positive outcome.

Individual factors that promote
the bias (examples)
Information-related factors that
promote the bias (examples)
Situational factors that promote
the bias (examples)

Negative events will be scrutinized more than positive events

Effect of the bias

Retrospective judgements of decision effectiveness will be less positive when
outcomes are negative

Historical examples of the bias in
action

United Nations’ decision to pull out of Rwanda in 1994 – perhaps the UN’s decision
to pull out would not have been judged as negatively if the genocide did not occur

Possible solutions to reducing or
eliminating the bias

Encourage people to consider not just the outcome, but the quality and quantity of
information available before the outcome was known

Relevant research

Baron & Hershey (1988) – participants rated decision makers more competently
when the outcome was favourable than unfavourable, yet believed the outcome
should not be taken into conisderation during the evaluation.
It has typically been studied (Woods & Cook, 1999) by having people consider a
description of a process that leads to either a positive or a negative outcome. They
are then asked to rate the suitability or effectiveness of the process leading to the
outcome. People told that the outcome was more positive tend to show outcome
bias in rating the effectiveness of the process higher than people evaluating the
same exact process but who believe the outcome to be negative.
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Table 36. Variations of the outcome bias
Name

Definition/Example

Link to Outcome Bias

Hindsight bias

People not only believe processes were less effective
when they know the outcome of the process is
negative, but they are also likely to believe that others
should have “seen it coming” (hindsight bias). This is
problematic if a system rather than a person is actually
to blame

We tend to look back at a
decision and judge that
decision on the outcome it
produced, claiming we knew
what would have happened

Not surprisingly, outcomes biases are prominent in both everyday life and in applied research. A
notable example from the military literature describes the impact of the outcome bias on
evaluations about military personnel actions. Smith and Tyson (2005) provide examples of
outcome bias emerging from highly ambiguous and time sensitive situations in which soldiers have
killed innocent civilians under the impression that they were dangerous. When these difficult
decisions are reported in the media, the actions of the soldiers are often judged based on the
outcome (i.e., on whether civilians or soldiers were shot), rather than on whether the process that
they used to make their “decision” was the best possible one, independent of the outcome. For
example, an “automobile was traversing onto a route -- the road to the airport -- where soldiers
have been killed in shootings and by roadside bombs. U.S. soldiers had established an impromptu
evening checkpoint at the entrance to the road about 90 minutes earlier and had stopped other
vehicles….Soldiers at the checkpoint have told U.S. military officers that they flashed lights, used
hand signals and fired warning shots in an effort to stop the car” (Smith & Tyson, 2005, p. A01).
Soldiers decided to fire at the car, wounding a journalist. However tragic these types of stories are,
the interpretation of these stories can easily be affected by outcome biases when judged by people
outside of the context, who consider only the outcome rather than all of the factors. When the
actual outcome is perceived to be negative, people often tend to assume that the decision-making
processes were also flawed, forgetting the short time that soldiers often have to make a decision,
and the inadequacy of the available information at the time that such decisions are made.
Lipshitz and Barak (1995; as cited in Lipshitz, Gilad & Suleiman, 2001) examined outcome biases
with military personnel. Israel Defense Force Officers evaluated decisions made in military
contexts with successful outcomes, failed outcomes, or those with no information on the outcome.
Officers rated decisions with successful outcomes as more justified and more consistent with
normative expectations, than the same decisions with unsuccessful outcomes. Officers also
approved of the decision maker more and rated the decision process to be of a higher quality, than
decisions with unsuccessful outcomes. This research provides a good demonstration of the power
of outcome biases on judging the actions of others, and suggests that the potential to “secondguess” their actions will often be dependent on the actual outcome.
3.12.3 Loss Aversion
Another important human bias is the tendency to give losses more weight than gains when making
decisions. This can be problematic because there are many situations in which absorbing some
losses might yield an even higher level of gains. Logically, then, working to avoid loss is not
necessarily the best decision strategy.
Loss aversion can be found in war and security scenarios. For example, Tversky (2004) describes
the negotiation of two countries in relation to potential disarmament of their nuclear missiles. “The
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subjective loss of security associated with dismantling a missile may loom larger than the
increment of security produced by a similar action on the adversary’s part” (p. 604). In other
words, by focusing on the perceived personal loss of security if one gives up one’s own missiles
rather than on the increase of security if one’s adversary disarms their missile, negotiators are
showing a loss aversion bias. In short, they are giving perceived losses more weight and attention
than perceived gains. More information about loss aversion biases is provided in Table 37.
Table 37. Loss aversion
Name of Bias:

LOSS AVERSION

Definition and
explanation of the bias

People weigh losses more heavily than equal gains

Individual factors that
promote the bias
(examples)
Information-related
factors that promote
the bias (examples)
Situational factors that
promote the bias
(examples)

“Loss aversion appears to be more pronounced for safety than for money (Viscusi, Magat, &
Huber, 1987), and more pronounced for income than for leisure” (Tversky & Kahneman, 1991)

Effect of the bias

Any type of loss will be avoided, even if the loss is associated with an equal gain
There is a preference for the status quo over alternatives of the same expected value
(Tversky, 2004)
In the example of war, after the losses and plans have failed, nations’ continue to use their
resources to justify the losses by success (Levy, 1996; as cited in Bauer & Rotte, 1997)

Historical examples of
the bias in action

The Vietnam War and World War I have been cited as representing loss aversion strategies.
After the nations’ leaders had invested considerable resources (e.g., time, money and lives)
into these wars, they seemed bound to stay in these wars even after “winning” was generally
argued to be unlikely. In short, they tried to avoid losing the investments that they had made.

Possible solutions to
reducing or
eliminating the bias

Frame the situation to focus on the gains

Relevant academic
research

When asked to trade an original gift for a new gift, people are less likely to trade because they
are focusing on the loss of the first gift, rather than the gain of the second gift (Tversky &
Kahneman, 1991)
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Table 38. Variations of loss aversion
Name

Definition/Example

Link to Loss Aversion

Sunk cost effects

Costs that cannot be recovered once they have been
incurred. Therefore, once you have devoted a certain
amount of time, resources and money on something, it
is difficult to give up on it

When we put a lot of time, resources and
money into a project, we tend to follow it
through to avoid the loss of the time,
resources and money

Escalation of
commitment

Continued support of a failing course of action (Jones &
Roelofsma, 2000). For example, a bank manager
agrees to loan 50k for a project. Weeks later, the
project manager requests another 50k, arguing that all
will be lost without this additional loan. Bank managers
have been shown to be likely to grant the 2nd loan
(even though they should see both loans
independently) because this reaffirms the correctness
of their initial commitment (Janser, 2007).

Our commitment to a project increases,
despite its failure, because we do not
want to lose the time, resources and
money we have put into it

As noted above, loss aversion is also linked to several other biases in the literature. Sunk cost is the
amount of time and energy put into something, which can lead to escalation of commitment,
making it extremely difficult and unlikely to give up on the situation.

3.13 Overview and Applied Research on Human Biases
Although applied research on biases has been reviewed in previous sections, some of the
available research presented a broader view on relevant biases that is important to capture. This
section presents some of that research.
A paper by Woocher (2008), for example, explores the role of biases on early warning processes,
designed to identify and alleviate global conflict and other global crises. This work examines the
impact that human decision-making biases can have on these early warning processes and
recommends strategies to reduce that impact. Woocher (2008, p. 3) argues that early warning
processes have three main components:
“(1) estimating the magnitude of timing of relative risks of emerging threats,
(2) analyzing the nature of these threats and describing plausible scenarios, and
(3) communicating warning analyses to decision makers”
However, biases and decision-making errors can impact on each of these 3 elements of the early
warning process, as shown in Table 39.
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Table 39. Biases in early warning processes
Early warning
component
Judgements of risk

Assessing the
nature of threats

Decision maker
responses

Potential errors and biases
•
•
•
•
•
•
•
•
•

Availability heuristic and related biases
Base rate neglect
Anchoring
Confirmation bias
Biases related to causal explanations and
centralized direction
Attribution errors
Loss aversion
Extension neglect and “psychic numbing”
Hindsight bias

Woocher (2008) describes three biases that can impact judgements of risk. Judgements of risk
include both predicting the probability the event will occur and the magnitude of the consequences.
The availability heuristic allows people to predict the probability of event happening based on the
ease of retrieval of similar events. For example, if a warning analyst is estimating the likelihood a
terrorist attack will happen, they are more likely to believe it has a greater chance of happening if
one has occurred recently, thus be brought to mind quickly. Because of the availability bias, events
are easier to bring to mind if the event is more recent, if there was personal involvement, also if the
event was vivid, memorable and important (Woocher, 2008). Similarly, people tend to focus on
events that did happen, rather than events that did not happen. Likewise, events that are easy to
imagine are deemed more probable (Tetlock, 2005; as cited in Woocher, 2008), while events that
cannot be easily imagined are deemed to be less probable. Base rate neglect is also relevant to
judgements of risk. Woocher argues that warning analysts should consider the baseline frequency
of similar events and specific information, however, they tend to focus on specific factors, ignoring
the baseline frequency of relevant events. Anchoring can also impact judgements of risk.
Anchoring is more likely to impact the estimate of the size of the consequence that the probability
the event will occur. When an analyst assesses the number of people that will be killed in a war,
they will take into account similar wars and adjust their rating based on that. Although this is useful
in many circumstances, people can get too stuck on the anchor and not adjust appropriately.
Woocher (2008) examined biases that impact the assessment of the nature of threats. There are a
number of biases that can impact this assessment such as the confirmation bias and attribution
errors. Warning analysts need to provide policymakers with useful information, for example,
factors that can escalate the threat, actors involved, and events that could create deterioration or a
more positive outcome. Confirmation bias can hinder a warning analysts’ ability to see their
original hypotheses were flawed.
Woocher (2008) also considered the impact of other biases that could impact policymakers such as
loss aversion and hindsight bias. Policymakers rely on warning analysts and are required to decide
what response a warning should receive. Loss aversion happens when people put more weight on
losses than comparable gains (Levy, 1994; as cited in Woocher, 2008). Woocher argues that
policymakers are sometimes less inclined to “cut their losses” than they should be. They are also
more likely to take a risk in the present, hoping that the possible loss in the future will never
happen. The hindsight bias is another threat to decision-making. Heuer (1999) states that
intelligence organizations can be affected by hindsight bias in several ways: overestimating the
accuracy of analyst’s past judgements, underestimating what was learned from intelligence reports,
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and believing that events were more foreseeable than they actually were (as cited in Woocher,
2008). Therefore, warning analysts will overestimate risks while policymakers will avoid
preventative action.
As relevant as this work is, however, it presents a relatively limited view of human errors and
biases. Even within applied domain such as this one, human biases are unfortunately not limited to
the categories defined by Woocher. For example, a range of other biases not noted could easily
impact when people make judgements of risk, including confirmation biases (e.g., failing to
identify a risk as a risk because it does not match the profile of known risks). As such, it is
accurate, but not wholly inclusive of all biases that could impact within a given category.
Another report by Woods and Cook (1999) explores human error within an applied environment,
and the specific impact that cognitive biases have on human performance and error. The outcome
bias, defined as people rating the decision processes leading to a poor outcome more severely, can
typically occur after an accident. Likewise, hindsight bias can lead to people overestimating what
they and others knew in foresight, and misremembering what they actually knew in foresight
(Woods & Cook, 1999). Thus, when analyzing errors, judges will appraise a decision more harshly
when it leads to a poor outcome and will tend to believe that the people involved knew more than
they actually did at the time.
Although people have relevant knowledge, they may only use it in specific situations (i.e., inert
knowledge). Woods and Cook (1999) report that accident investigations show that people do not
always use inert knowledge to optimal levels, despite the fact that in hindsight, they knew that
knowledge was important. There is also good evidence that people use oversimplifications (i.e.,
misconceptions that work in some situations and not in others). For example, Feltovich, Spiro and
Coulson (1993; as cited in Woods & Cook, 1999) describe the following as oversimplifications:
“seeing different entities as more similar than they actually are, treating dynamic phenomena as
static, assuming that some general principle accounts for all of a phenomenon, treating
multidimensional phenomena as unidimensional or according to a subset of the dimensions,
treating continuous variables as discrete, treating highly interconnected concepts as separable,
treating the whole as merely the sum of its parts” (Woods & Cook, 1999, p. 13). However,
simplifications have been shown to result in more correct choices under time pressure (Payne,
Bettman & Johnson, 1988; Payne, Johnson, Bettman & Coupey, 1990; as cited in Woods & Cook,
1999). These descriptions of oversimplifications, of course, could also be cast in terms of human
errors and biases.
Taken together, all this provides strong evidence of the importance of human biases and decisionmaking errors in applied environments. These biases lead to different types of errors. For instance,
while making a decision, people may fall in to “traps”, preventing them from making the best
choice possible. The Wall Street Journal Classroom Edition (2004, p. 1) identifies these traps as the
following:
•
•
•
•
•

Identifying the wrong problem - some problems have deeper meanings
Listening to only one source - prevents the option of broad alternatives
Listening to too many sources - input overload may prevent intuition
Overshooting the outcome - only picking probable solutions
Bad timing - delaying a response may be necessary, but can also lead to an undesirable
outcome.

These “traps” can greatly impact decision-making, and each of the biases discussed earlier could
lead to these types of traps.
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Situational factors also promote human decision-making errors and biases. For example, human
biases impact more prominently under conditions of time pressure (Dror & Fraser-Mackenzie,
2008). Time pressure can make the use of information more selective. So, in a situation where the
best alternative might be to consider several possibilities, a person under time stress might make a
less optimal decision because of considering only a limited number of alternatives. Similarly, the
criteria needed to make a decision might also be relaxed.
Another report reviewed discusses high stakes decision-making. A four day workshop was held
that discussed how skilled people deal with high stakes decisions (e.g. what health therapies to use;
what investments to make). Notably, these decisions tend to involve low or very ambiguous
probabilities. Some of the basic human decision-making limitations identified in this workshop
(Kunreuther et al., 2002) have already been discussed throughout this report, including:


Misuse or disregard for probabilities. As discussed previously statistical biases are
ubiquitous. People making high stakes decisions can ignore base-rate probabilities because
they assume that the worst case scenario will not happen.



Excessive focus on the short term. People tend to see only the immediate impact of
decisions, not the long term implications.



Affect heuristics. Whether we realize it or not, emotion impacts on decision-making



Stress negatively affects decision-making. Decision makers tend to focus on limited
information and are more likely to use simplifying heuristics during times of high stress.



Social norms are overly relied upon. Dealing with high stakes decisions is not something
people are generally experienced with, so they tend to assume that what others are doing
must be correct.



Status quo is preferred – this is a problem even when status-quo is not the optimum
alternative.



Limited learning from experience. This is due to limited data from which to learn as well
as feedback being sparse. As well, biases (e.g. hindsight bias, and over confidence) can
affect learning opportunities.

Within the applied domain, then, there is a good deal of recognition of a range of human biases and
errors. The inconsistent use of terminology, the sheer number of possible biases, and the
interratedness of these biases makes it very difficult to fully grasp. As noted earlier, however, many
of the most prominent biases are closely related, and represent subtle reframing when applied in
one context versus another. This caution has been echoed by other authors such as Arnott (2002, p.
7), who notes that “it is important to recognize that biases are not necessarily as discrete as
common taxonomies would imply, and that they are likely to significantly overlap in definition and
effect,
In order to show provide some summary of relevant biases and their relationships, we developed a
taxonomy that groups these biases in several discrete (but interrelated) classes, as shown in Figure
1.
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Figure 1. Taxonomy of human decision-making biases
First, representativeness bias and availability biases are the most prominent and most pervasive
biases noted in the literature. In different forms and from slightly different “angles”, they permeate
all other biases. These biases are directly implicated in overconfidence, confirmation bias,
hindsight bias, simulation bias and outcome bias.
Anchoring and adjustment biases are described in terms of tendencies toward loss aversion and
framing/contrast effects. Again, all of these different forms of bias are also closely related to
representativeness and availability biases. It is important to note that even though these many
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different heuristics are discussed in discrete categories, they are all extremely inter-related.
There are a range of statistical biases, the most prominent of which are base-rate neglect,
conjunction bias and failure to recognize regression to the mean. All of these biases, however, have
the same impact, which is to reduce the accuracy with which people estimate statistical probability.
The other main category is social or group biases, and including things like groupthink and ingroup
bias. These biases are critical to consider in situations where people are required to work
interdependently.
Still, some researchers and theorists have debated the conditions under which biases are most likely
to occur. Some have argued that biases may be less likely when people exert deliberate attention
when making decisions, than when they process more automatically or unconsciously. Indeed,
some newer models of human processing (e.g., Klein’s model of naturalistic decision-making)
argue that some decision-making processes occur with deliberate awareness and intention, whereas
others occur spontaneously and outside of conscious awareness. One way to buffer the negative
impacts of biases is to argue that perhaps errors in human judgement might occur only when people
are on ‘auto pilot’ in making their decisions rather than conscious and aware. In keeping with the
‘cognitive miser’ analogy prominent in social psychological discussions of human information
processing (Fiske, 1993), people might take shortcuts only when they are not giving deliberate
attention or effort to the problem at hand. One optimistic possibility, then, might be that biases
could be overcome if people gave deliberate and conscious attention to their intuitive judgements.
Unfortunately, there is good evidence that lack of effort alone cannot explain the prominence and
pervasiveness of human decision-making biases. As Gilovich et al. (2002, p. 4) argue, metaanalytic studies have shown that “….the biases identified in this tradition have not been
appreciably reduced by incentives for participants to site straight and pay attention, and devote
their full resources to the task.” As we will discuss later in this report, some biases can still be
reduced or mitigated in some situations, but simply encouraging higher levels of attention and care
in making decisions has not overturned biases induced by reliance on the main 3 heuristics.
Given the prominence of the “heuristics and biases” approach, and the fact that it replaced a
somewhat appealing depiction of humans as staunchly rational decision makers, it is perhaps
unsurprising that this approach has encountered considerable criticism since its inception. Key
criticisms of the heuristics and biases approach are noted in the literature (Gilovich et al., 2002) is
that humans simply “cannot be that dumb”. The core of this argument is that the heuristics and
biases approach depicts an inaccurately negative view of the average person’s ability to reason and
to make sound decisions. One key aspect of this argument is that the human species would not have
survived natural selection if it was woefully inadequate at making accurate judgements.
Nonetheless, the consensus of decision-making experts seems well summarized by Gilovich et al.
(2002, p. 9), who argue that “People make a great many judgements with surpassing skills and
accuracy, but evidence of dubious belief, questionable judgement and faulty reasoning is not hard
to find.”
Another prominent criticism is that the design or stimuli of the studies used to illustrate these
biases do not necessarily parallel actual human reasoning processes. Many of the tasks and stimuli
used, for example, are very artificial, and opponents have argued that people have been “tricked”
into the wrong answer by cleverly worded but subtle questions. This is the “It’s all parlour games”
critique (Gilovich et al., 2002). This criticism certainly has some validity, in the sense that many of
the early demonstrations of biases were not conducted in “real-life” environments, and used very
artificial tasks. However, the argument that human decision-making is not inherently systematically
flawed has been continually refuted in a range of research within both the cognitive and social
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domains (see Kunda, 2003 and Gilovich, Griffin and Kahneman, 2002). A key focus of this review
is how these human decision-making biases can best be understood in terms of models and
approaches toward decision-making (e.g., what kinds of decisions are most susceptible), and how
biases can best be mitigated. These topics are explored more in the chapters that follow.
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4. Decision-Making Approaches and Models
The purpose of this chapter is to explore what decision-making is, as well as to review various
models and approaches to decision-making that are prominent in the scientific/academic and
military literature. In the sections that follow, we describe two prominent approaches to decisionmaking, including rational approaches and more intuitive (or naturalistic) approaches. Both general
as well as specific military approaches to decision-making are explored.

4.1

Introduction to Decision-Making

Within psychology, decision-making processes have been widely studied for the past 50 years, with
antecedents stretching back as far as the 1700s (Lipshitz, Klein, Orasanu & Salas, 2001; as cited in
Fewell & Hazen, 2003). First, however, it is important to define what is meant by decision-making.
A common definition of decision-making is “a formal or informal procedure used by an individual
or group of individuals to analyze a problem, identify objectives and goals, develop alternatives,
and determine consequences for each alternative” (Schultz, 1997, p. 6). In this sense, decisionmaking is understood as a deliberate, cognitive process. Guitouni, Wheaton and Wood (2006)
define a decision-making process as “a set of activities and tasks that directly or indirectly support
the decision maker” (p. 1), and describe the process of decision-making as containing 4 key
processes, including perception (observation), understanding (awareness), decision and action. A
final definition comes from Grant (2009): “Decision-making is the cognitive process of selecting
one option out of a set of possible options. The process begins when the decision maker detects that
there is a need to do something but does not know what that should be. It ends when the decision
maker has selected an option.” (Grant, 2009, p. 2).
Two philosophically different approaches to decision-making are commonly identified in the
literature (e.g., Azuma, Daily and Furmanski, 2006). The first approach, the rational decisionmaking model (aka logical or analytical), focuses on the outcome of the decision. Proponents of
this approach assume that when making decisions, a clear set of alternate choices can be generated,
that the underlying information we use to make our decisions are reliable, and that we can predict
with a certain degree of confidence the likely outcomes of our decisions. When using this model,
we establish criteria for making our decisions and weigh the information in order to make the
“best” decisions, therefore, making an objective decision. These approaches are also often called
prescriptive as they “prescribe” how we should think in order to come to the optimal decision.
Similarly, they are called ‘normative’ models because they define the rules or standards for
achieving our decision-making goals (Guitouni, Wheaton, & Wood, 2006). The nature of these
approaches imply that they are best applied to domains where “the goals are well defined, the
environment changes slowly and no other active agents are present” (Grant, 2009, p. 2).
The second approach, the naturalistic decision-making approach, focuses on the process of
decision-making rather than on the outcome of decision-making (Azuma, Daily and Furmanski,
2006). This approach assumes that there is not necessarily an ideal or optimal solution to a
problem, but that the best approach will be determined by a number of factors not typically
considered in rationalistic approaches. Moreover, proponents of this approach assume that at some
point too much information can be detrimental to our ability to make a decision and that we can
never fully quantify a situation in order to come up with a mathematical solution. This type of
decision-making is often referred to as descriptive because it describes how we normally think,
rather than how we should think (prescriptive).
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As already mentioned above, a variety of terms are used to label these two different approaches to
decision-making. The most common terms are summarized in Table 40.
Table 40. Alternate descriptors for two main approaches to decision-making
Rational approaches
Mostly prescriptive, but
sometimes descriptive (e.g.,
prospect theory)
Normative
Deliberate
Analytical

Naturalistic approaches
Descriptive
Intuitive

In the sections that follow, general decision-making models are discussed along with military
models of decision-making that have emerged.

4.2

Analytic Approaches and Models

A common approach to understanding decision-making is based on an analytic, rational model.
Prominent early versions of rationalistic approaches were statistical decision-making models or
economic models meant to parallel human decision-making (Guitouni et al., 2006). These
approaches are largely prescriptive (or normative) and they argue that decisions ought to be made
by a process that is logical, scientific, and sequential. Some common analytic theories are explored
in the sections that follow.
Expected utility theory represents the most prominent form of the prescriptive approach, and is
commonly cited in the literature as being “the major paradigm in decision-making since the Second
World War” (Schoemaker, 1982; cited in Plous, 1993, p. 83). Expected utility theory was designed
to show how people would make decisions if they adhered to strict rational principles. At its core, it
argues that people should always choose whatever option gives them the most benefit. Given a
choice between two cars, then, one which has been shown to have superior mileage and low repair
rates versus one with poor gas mileage and high repair rates, a truly rational decision maker would
necessarily choose the former because it has the higher level of expected utility. An influential
extension of this theory was subjective expected utility theory, which made provision for individual
preferences in judging the utility of one’s decision.
Expected utility theory has 6 key principles (or assumptions), as follows:
1. Ordering of alternatives (alternatives should be ordered such that they can be compared)
2. Dominance (should never choose a strategy that is dominated by another strategy)
3. Cancellation (outcomes that are the same for two alternatives should cancel each other out)
4. Transitivity (if outcome A is preferred over B, and B is preferred over C, then outcome A
should be preferred over C)
5. Continuity (an intermediate outcome should be preferred to a gamble between the best and
worst outcomes)
6. Invariance (framing alternatives differently should not influence the decision maker).
In general, however, advocates of this approach to decision-making argue that the choice of action
can and should be assessed according to the balance between the expected
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satisfaction/dissatisfaction and probability that the consequences will in fact occur and be
experienced (Hastie & Dawes, 2001). In practice, however, using the expected utility approach
requires for decision-makers to have all of the following (Plous, 1993, p. 94-95):
•

Complete information about probabilities and consequences of each decision

•

Adequate understanding of this information

•

Ability to calculate the advantages and disadvantages of each available alternative (either
explicitly or implicitly)

•

Ability to critically compare calculations and choose the option that maximizes expected
utility.

The dominant criticism of expected utility theory is that these assumptions are often not tenable in
complex decision-making environments. Decision makers do not necessarily have all of the
necessary information when required to make a judgment, and even if they have the information,
they may not necessarily be able to process it optimally. In complex situations, one of the
challenges is that the pros and cons of a decision are not necessarily obvious, and it may not be
possible to place two issues side-by-side and compare them systematically.
Multi-attribute utility theory (MAUT) is a type of subjective expected utility theory. It can be
used when decision makers need to select one option of many, especially where there are
competing criteria. MAUT first involves listing the attributes or criteria that will be used in making
the decision (e.g. when purchasing a car, example attributes could be price, mileage, aesthetics,
etc). Weights are then applied to the criteria, either through ranking, weighting (e.g. price of the car
is ranked 5, esthetics ranked a 1) or other complex indirect approaches. Finally, scores are applied
to each option (i.e., car type) for each attribute and then summed to get a final score for each
option. A depiction of the MAUT process from (Killian, 2000, p. 2) is shown in Figure 2.

Figure 2. Process of MAUT (Killian, 2000)
Intuitively, forgetting an important attribute would appear to greatly affect results; however, studies
have shown that when different, only partially overlapping attributes were used on the same
problem similar recommendations resulted. This empirically suggests that as long as due diligence
is applied, attribute selection will be successful. Questions about MAUT’s validity are common. A
major discussion is about how to verify the results (i.e. how is the “optimal” decision determined?).
Simply comparing MAUT decisions and their similarity to holistic judgements to imply validity
seems redundant, and negates the need for the MAUT decision aid. If one defines the “optimal”
decision as the intuitive decision, then formal decision-making tools may serve no purpose.
(Slovic, Fischhoff & Lichtenstein, 1977).
Given the difficulties in using EU and MAUT approaches, alternative analytic ways to explain
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human decision-making have also emerged. These include prospect theory (Kahneman and
Tversky, 1979), satisficing (Simon, 1960). These more moderate approaches to rational decisionmaking stem from a core recognition of the complexity of human decision-making and from the
belief that strict adherence to analytical principles is not always possible in real-world situations.
Prospect Theory – One of the most influential models of choice is prospect theory (Kahneman and
Tversky, 1979; as cited in Shafir and LeBoeuf, 2002). Kahneman and Tversky were strongly
critical of expected utility theory as a model for decision-making risk, and pointed out a number of
phenomena that expected utility theory was at a loss to explain. One example is the common
tendency for people to simultaneously have life insurance, as well as undertaking gambling
behaviour. If people were driven only by the expected value of their actions, being attracted to both
alternatives would be illogical. Moreover, expected utility theory also argues that value functions
are linear – more utility will result in consistently more value being given to a decision alternative.
Prospect theory offers a different account of human decision-making, one which has been
described as “unabashedly descriptive”, but as making “no normative claims” (Tversky and
Kahneman, 1986). This theory states that the decisions that people make are based on the support
evident for a particular perspective. When making judgements of probability, for example, we
cultivate other alternative explanations for the occurrence of a particular event. The support we can
find for these alternative explanations influences which option we choose. Prospect theory rests on
2 primary tenets that are unique from expected utility theory. First, its proponents have argued that
expected losses have more impact on judgment than expected gains. The impact of this is that when
making decisions, people tend to give more weight to a perceived loss of 1 unit than they would
give to a perceived gain of 1 unit. For example, imagine that a problem was framed in one of the
two following ways:
Option 1

A. Sure gain of $10,000
B. 50% chance of getting $20,000.

Option 2

A. Sure loss of $10,000
B. 50% chance of losing $20,000.

Even though the resulting outcomes are exactly the same, these two problems are presented
differently. The first uses a positive (gain) frame, and the second uses a negative (loss) frame.
Prospect theory research has shown that when decision problems are framed in terms of gains,
people are more risk avoidant. They will be more likely to protect a smaller gain rather than take
their chances on a larger gain. However, when decision problems are framed in terms of losses,
people are typically more risk takers. They are more likely to gamble with the larger outcome than
to accept a smaller loss. Second, although expected utility theory focuses on the ultimate utility (or
value) that a given decision provides, prospect theory argues that this function is relative rather
than absolute. In essence, the value of a given option is influenced not by its ultimate effect, but by
its influence on one’s current position. If we believe we stand to gain, then, we will be more likely
to accept a smaller but more certain gain.
Prospect theory separates decision-making into two phases:
1. Editing; and,
2. Evaluation.
The editing phase involves a preliminary analysis of the options, often simplifying the representation
of the prospects. This stage involves coding, combining, segregating and cancelling prospects in
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order to prepare for the evaluation stage. Numerical values are rounded for easier comparison and
extremely unlikely outcomes tend to be discarded (Kahneman and Tversky, 1979). Errors caused by
biases are common in this phase and how prospects are framed has a big impact on the ultimate
decision made. In the second phase, evaluation, the prospects are evaluated and an option is selected.
Figure 3 shows the value function of a decision from the perspective of prospect theory.

Figure 3. S-Shaped value function
As Figure 3 shows, then, "Unlike expected utility theory, prospect theory predicts that preferences
will depend on how a problem is framed. If the reference point is defined such that an outcome is
viewed as a gain, then the resulting value function will be concave and decision makers will tend to
be risk averse. On the other hand, if the reference point is defined such that an outcome is viewed
as a loss, then the value function will be convex and decision makers will be risk seeking." (Plous,
1993, p. 97) Similarly, this theory predicts “…that people are more likely to take risks in bad
situations and more likely to be cautious when times are going well.” (Schultz, 1997, p. 2). People
are also argued to show a preference for certainty in making their decisions. Specifically, given a
choice between outcomes that are certain rather than probable, people typically put more weight on
the certain outcome.
The impact of prospect theory has been very prominent, and its application has been widespread.
The 1979 paper by Kahneman and Tversky that appeared in Econometrica, a prestigious academic
journal, is argued to have been the second most cited paper ever within that journal. Moreover,
given that this theory has a solid mathematical foundation, it continues to be very influential within
a range of contexts. Hastie and Dawes (2001, p. 310) have argued that "Prospect theory is the best
comprehensive description we can give of the decision process. It summarizes several centuries
worth of findings and insights concerning human decision behaviour. Moreover, it has produced an
unmatched yield of new insights and predictions of human behaviour in decision making." As a
whole, then, prospect theory continues to be a very influential theory of human decision-making.
Satisficing – Process Theory (Simon, 1960) - A well-known early decision-making model was
proposed by Simon (1960; as cited by Guitouni et al., 2006). Although this model is within the
rational choice tradition, the model emerged as a response to some of the inherent limitations of
purely rationalistic approaches, and has been argued to be “…the most durable modification of the
rational choice model” (McCrabb, 2002, p. 138).
According to Simon, the decision-making process involves three phases: Intelligence, Design, and
Choice (depicted in Figure 4).
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Figure 4. Simon's decision-making process (1960; as cited in Guitouni et al., 2006)
The components of Simon’s model can be described as follows (Boland, 2002):


Intelligence is the process of sensing and predicting the situation so that we can identify
changes that need to be made in order to achieve our goals.



Design is the formulation of possible courses of action we can take to respond to the
current situation in order to achieve our goals.



Choice is the process of selecting the course of action which will be most efficient and
effective for achieving our goals.

Although earlier rationalistic approaches argued that people are bound to fully complete all aspects
of these three processes, Simon proposed a modified approach, which he called Bounded
Rationality. In essence, this approach argued that people (at their core) employ rational processes,
but do not necessarily have either the opportunity and/or the motivation to fully complete all 3
phases of the decision-making process. For example, they must rely on the information they have
(which will not always be optimal), they have a limited cognitive capacity, and they often have
only a finite amount of time to make decisions. These constraints mean that rationality has
boundaries, and that people must simplify the choices available to them in order to make decisions.
Satisficing theory describes decision makers as evaluating alternatives that would produce a “good
enough” result due to our limited memory and comprehension. Simon identified several approaches
that people use to simplify the decision-making process. Decision makers use heuristics as a way to
match what is already known, in turn making it difficult to disregard old, untrue information. For
example, decision makers can use other events as analogies on which to base their decisions (e.g.,
using the availability heuristic). This satisfaction approach acknowledges that making a decision is
not resource free and decisions are at times made without evaluating all alternatives (Guitouni et
al., 2006). Simon’s influential characterization of decision makers, then, was that they are bound to
“satisfice” when they reach a satisfactory (rather than necessarily an optimal) solution during the
decision-making process. The notion of satisficing, and its modified view of rationality has been
particularly influential (e.g., McCrabb, 2002), and stands as a cornerstone concept in thinking
about human decision-making, cognition and behaviour.
The notion that decision-making is a purely rational, normative process has been challenged on
several fronts. Critics have long noted that people do not necessarily take the systematic approach
demanded by expected utility theory, and that the best rational alternative is not necessarily the
alternative that people will choose for a range of complex reasons. For example, Hastie and Dawes
(2001) argue that expected utility theory leaves out fundamental components of the decisionmaking process and does not identify the source of inputs into the process. Moreover, it does not
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tell us how decisions are actually made. As such, it fails to provide a valid description of the
decision-making process (Hastie & Dawes, 2001). This suggests that although expected utility
represents an important and valid view of some forms of human decision-making, it is a less than
adequate approach to understanding all decision processes.
One of the inherent problems with the systematic, top-down (e.g., take all the evidence and
combine it systematically) approach to decision-making prescribed by rationalists, then, is that
there is good evidence in the literature that biased processing can occur even before decisions are
made (e.g., Brownstein, 2003). In situations that involve high risk, for example, people often
bolster the preferred alternative by exaggerating the favourable consequences, under-representing
the unfavourable consequences, and denying the unpleasantness of the disadvantages (Janis and
Mann, 1977; cited in Brownstein, 2003). Brownstein (2003) also suggests that in situations
involving tasks of importance, difficulty, and short temporal proximity to the decision, biased predecision processing is more likely to occur, and groups tend to show this effect more than
individuals. Taken together, this research and theory suggest that using a purely rational model to
understand decision-making may be problematic.
4.2.1

Analytic Approaches in Military Contexts

Military scholars have long recognized the importance of understanding decision-making within
military contexts. The military environment is unique in that it requires personnel to make
decisions in time pressured conditions of high risk and stress while facing many uncertainties.
Moreover, decision-making in military contexts is often highly interdependent and personnel must
harmonize their activity in order to accomplish their assigned tasks. It is important to understand
how decision makers interpret and utilize the information available to them (including knowledge,
experience, affective processes and advice) and how decision-making impacts human performance
in military operations.
Accounts of military decision-making have clearly been influenced by both rational and naturalistic
traditions. Although decision-making obviously occurs within every part of the military context, it
has been most explored within the specific context of command and control (C2). Command and
Control is defined as “the exercise of authority and direction by a properly designated commander
over assigned and attached forces in the accomplishment of the mission”1. Essentially, it involves the
processes and tasks that commanders and his/her staff must go through in order to carry out a
mission. Many different types of decision-making are required in C2, some involving very high stress
and no time to make decisions (e.g. my unit is under fire, what do we do?) and others decisions
involving lower stress and more time (e.g. what is the best way to get these supplies over there).
Fewell and Hazen (2005, p. 14) provide a good overview of the features of modern military
decision-making, as follows:
• Decision making is cyclical
• It contains 4 or more steps
• It is recognized as requiring more than 1 approach (e.g., only analytic or naturalistic)
• The fact that it is cyclical means defining beginnings and ends are problematic
• Later decisions will be affected by earlier decisions.
1

Defense Technical Information Center. DoD Dictionary of Military
and Associated Terms. http://www.dtic.mil/doctrine/jel/doddict/data/c/3226.html
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The quality of military decision-making has also been explored. Six decision criteria are identified
by Thunholm (2005) as factors that increase military decision quality. These are:
1. Decision time. In military decision-making, the speed of decisions has been recognized as
an important factor in mission success.
2. Vision clarity. The development of a common, clear vision is important for military
commanders to communicate.
3. “Perception of credibility, execution and necessity” (Thunholm, 2005, p. 5). A decision
should be made with confidence and instill emotional support.
4. Originality. Surprising and original ideas increase uncertainty on the part of the enemy.
5. Time and space coordination. Employing several systems to engage the enemy results in
efficient impact.
6. “Leveraging earlier experience” (Thunholm, 2005, p. 6). Adapting previous experiences to
current situations increases decision quality.
Similarly, Fewell and Hazen (2005) note the importance of speed and decision soundness as the
two most important indicators of decision quality. However, they also note that the soundness of
decisions is also very difficult to quantify.
Modern military decision-making is commonly framed in terms of rational and analytic processes.
Current Canadian and U.S. military doctrine also emphasizes this approach. An analytic approach
to decision-making may be appealing to the military because it implies rationality and
optimization, concepts seen as integral to proper functioning of the military (Bryant, Webb, &
McCann, 2003). Military organizations are given tactical and operational problems to solve, they
must determine the best ways to solve the problem, make the decision as to the best method to
solve the problem, and then execute as a plan (Vowell, 2004). Often army leaders are required to
make such decisions given only vague information, guidance, and resources yet are expected to
win against a thinking enemy.
“Military organizations have long understood the importance of developing “good”
decision-making models based on lessons learned and best practices. These models are
then transformed into doctrine, training, standard operating procedures or concepts of
operations” (Guitouni, Wheaton, & Wood, 2006, p. 4).
Rational models of decision-making have also been strongly incorporated into the military
planning and decision-making process. The operational planning process demands that
commanders follow a set of prescribed steps (mission and situation analysis; then COA
development, analysis and comparison) while making decisions. The Canadian Forces operational
planning process is a good example of a prescriptive military decision-making process. This
process is described in the section that follows.
Canadian Forces Operational Planning Process - In the Canadian Forces, the Operational
Planning Process (OPP) provides commanders and their staff with a formal procedure for
developing effective plans at strategic and operating levels. The CFOPP (National Defence, 2002)
is designed to be used by:
•

Commanders and their staff at the strategic and operational levels

•

Joint staff (J Staff) at NDHQ
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•

Task forces established for routine and contingency operations, as well as the formations
and agencies supporting them

•

Command and staff colleges and other institutions promoting professional officer
development

The OPP could also be considered a prescriptive decision-making model. The OPP is described as
“a coordinated process to determine the best method of accomplishing assigned operational tasks
and to plan possible future tasks. The planning process is designed to optimize logical, analytical
steps of decision-making in conditions of uncertainty and ambiguity” (CF Joint Doctrine, 2002, p.
3-1). The five major steps of the Canadian Forces OPP can be seen in Figure 5.

Figure 5. Five major steps of Canadian Forces OPP (National Defence, 2002)
Each of the five major steps can be broken down into numerous sub-functions (National Defence,
2002). Although described as a linear process, the OPP is meant to be an iterative process to enable
Commanders and their staff to cope with the nonlinear nature of military operations (Bryant,
2006/2007).
The US equivalent to the OPP is called the Military Decision Making Process (MDMP). This
process is described in more detail in the next section.
Military Decision Making Process (MDMP). There are 7 phases to the United States Military
Decision Making Process (MDMP). Each step is explained below (FM 101-5, 1997):
1) Receipt of Mission – the MDMP begins when an order is issued by higher headquarters or
derived from an ongoing operation.
2) Mission Analysis – This process involves 17 substeps that involve reviewing and analyzing
various aspects of the mission (including assets available, required tasks, constraints, time
available, etc).
3) Course of Action (COA) Development – This phase involves the creation of possible
courses of action; usually 3 are created. Each must be comprehensive and flexible. There
are 6 substeps:


Analyze relative combat power



Generate options



Array initial forces



Develop the scheme of maneuver
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Assign Headquarters



Prepare COA statements and sketches.

4) COA Analysis – A wargame is then conducted to determine “which COA accomplishes the
mission with minimum casualties while best positioning the force to retain the initiative for
future operations” (p 5-16).
5) COA Comparison – Advantages and disadvantages of each COA options are discussed,
resulting in the selection of the one with the highest probability of success. This is then
presented to the Commander through a decision briefing.
6) COA Approval – The Commander selects the COA that will be pursued (or all COAs are
rejected, and staff work to create new possible COAs). Alternatively, the Commander can
request a modified COA, or suggest a new COA. In either case, a new war game must be
conducted.
7) Orders Production – The selected COA is refined and orders are issued.
Figure 6 shows a graphic depiction of the MDMP process.

Figure 6. The U.S. military decision making process (FM 101-5, 1997)
Through its emphasis on generating and comparing a range of alternatives, the MDMP process is
actually based on the MAUT approach to analytic decision-making. Once identified, each of the
alternatives needs to be weighted and given a value.
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Burwell (2001) notes that even through we are no longer involved in ‘cold-war’ type missions, the
Military Decision-making Process (MDMP) has not yet undergone much change. Burwell analyzed
doctrine from 1986 and 2000 to draw out some of the distinctions between the military
environments during these two time periods. This analysis showed that application of the MDMP
worked well when time pressure was low, experience was low and an optimal solution was desired,
but accurately applying it to the current operating environment would require it to be changed in
several ways. Burwell (2001) proposes making some changes to the MDMP to better map the
decision-making process to the current environment. These changes include:


Creating only one course of action (COA) – not three as currently practiced – to reduce the
time pressure;



Conducting more wargaming and synchronization activities to increase experience and
improve shared mental models; and,



Considering multiple enemy COAs to also increase experience.

It is worth noting that FM 101-5 does mention specific provisions for decision-making in a timeconstrained environment. It is up to the commander to decide how to shorten the process. A
summary of means through which more or less time can be spent on the MDMP are included in
Figure 7.

Figure 7. Planning continuum (FM 101-5, 1997)
Before any of these steps can be shortened, the staff must have a thorough understanding of the
MDMP and have mastered its implementation. “A unit can only shorten the process if it fully
understands the role of each and every step of the process and the requirements to produce the
necessary products” (FM 101-5, 1997, p. 27). Janser (2007), a Lieutenant-Colonel in the U.S.
Army indicates several related techniques that can be used to decrease the time necessary to
implement the MDMP. These include (Janser, 2007, p. 8):
•

Using collaborative parallel planning – allowing subordinate units to start planning by
issuing as many warning orders as possible
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•

Using liaison officers to pass information quickly

•

Increasing commander involvement, allowing decisions to be made without detailed
briefings

•

Limiting the number of COAs to only one acceptable one (even though it may be not
optimal)

However, as Janser also notes, using shortcuts may result in key factors being overlooked during
the MDMP process.
The role of prospect theory in military decision-making was explored by Schultz (1997). Recall
that prospect theory predicts that people are more likely to take risks in bad situations and more
likely to be cautious when times are going well.” (Schultz, 1997, p. 2). Knowing this, a commander
can use prospect theory to his/her advantage. A commander brings together his estimate of the
situation, his own experience and his knowledge of himself and the enemy in order to determine
risk. A number of different players contribute to this process; and his/her actions will affect others.
Much research has assumed that a commander acts rationally – maximizing benefits and
minimizing losses; however, research has shown that a losing commander may be inclined to
accept more risks than one who is winning (Schultz, 1997). This is consistent with the predictions
of Prospect Theory, a more moderate rational choice model.
Along with general C2 processes and models, the importance of planning is also emphasized.
Planning is defined by Grant (2009) as “the process of constructing of generating courses of action
that, when executed, will turn the current or initial state of the domain into the desired goal state”
(p 4). Military personnel follow some sort of formal step by step process when doing planning. On
average, formal military planning doctrine still seems to be guided primarily by rationalistic
approaches, especially for planning processes, although there is some evidence that more recent
planning processes are starting to show a shift toward naturalistic decision-making models.
Currently, however, the influence of many of the generic analytic decision-making approaches is
also prominent within the military domain. The Canadian Forces Operational Planning Process and
the U.S. Military Decision-Making Process both stem from analytic tradition, and require a careful
and systematic process of COA generation and analysis.
4.2.2

Pros and Cons of Analytic Approaches

Military researchers have also pointed out a number of potentially problematic assumptions of
rational choice models (e.g., Bryant, Webb, & McCann, 2003, Orasanu & Martin, 1998). The goal
of decision-making using rational models is typically to make the best decision, which assumes that
there is one optimal decision.2 In complex situations, determining what the “optimal” decision is
can be challenging, For example, the relationship between a discrete decision and its outcome can
be difficult to understand (Orasanu & Martin, 1998). Outcomes cannot necessarily be used as
reliable indicators of the quality of the decision made. That is, uncontrollable events can result in
undesirable outcomes even if a good decision is made. Conversely, uncontrollable events can
“save” a situation even after a poor decision is made. In such cases, the decision makers are often
subject to outcome biases because they often define errors according to the consequences of the
decision (Orasanu & Martin, 1998).
2

However, it should be noted that multiple criteria decision aid (MCDA) approaches intend to identify the best
compromise rather than the optimal solution.
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Rational choice theories also require the decision maker to compare decision alternatives, which
assumes that all factors related to the decision can be identified and quantified in terms of
importance. Rational models also assume decision makers are able to generate all possible options
for a situation from which they can choose the optimal solution. In any case, rational models
demand following strict procedures, or axioms, in order to foster optimum decisions. In reality,
however, there is some agreement in the literature that rational processes are not always followed
in complex environments such as those facing the military.
As noted earlier, one of the key areas of interest for this review is whether (and if so, how) different
decision-making approaches are subject to human decision-making biases. Our review of the
literature suggests that both rational approaches and intuitive approaches are likely to be subject to
a range of human decision-making errors and biases. In general, biases associated with intuitive or
naturalistic approaches have been the most systematically explored, because rational decisionmaking approaches generally assume that people will be accurate provided that they have the right
type and amount of information. Proponents of the rational processes argue that any errors that do
occur are unsystematic (Gilovich, Griffin and Kahneman, 2002). The fact that biases and errors are
systematic, of course, is an assumption of the heuristics and biases approach. Rational proponents
tend to view decision error as the result of the decision maker’s knowledge base or the result of the
process used to reach the decision (Orasanu & Martin, 1998), but fail to acknowledge that humans
are intrinsically subject to decision-making biases.
In order to synthesize the decision-making and biases information in a meaningful way, we worked
to understand the general effects of errors and biases within a more analytic decision-making
process. Decision-making can be conceptualized as involving several discrete stages. Of course,
there is some overlap between analytic and naturalistic approaches, but they put varying emphasis
on specific stages. In general, however, conventional analytic decision-making is often understood
in terms of searching and gathering information, deciding what kind of attention to give the
information, and then combining it with other information, in order to using it as we make
decisions. One of the core processes involves deciding what weight to give to specific pieces of
information. If making a judgement about the pros and cons of attacking one’s adversary, for
example, it would be important to decide how to weight often discrepant pieces of intelligence
information. Some information, for example, may show a build-up of their troops along a critical
corridor and another piece of information may show their leaders taking a conciliatory stance in
negotiations. The key, then, is the weight given to these pieces of information. Information must
also be combined, and to be given some broader form of meaning. In essence, this requires working
to create some sort of “story” about what the many different “pieces” of information actually
present. The decision-making literature suggests, for example, that having a coherent narrative
structure can aid decision-making processes. At the most complex level, it is also important to
make causal assumptions about what decision elements influence or cause other elements in order
to make optimal decisions.
Moreover, our analysis suggests that each of the conventional elements of decision-making is also
uniquely susceptible to specific decision-making biases and errors, as shown in Table 41.
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Table 41. Impact of biases on decision-making components

Availability
Representativeness
Anchoring and
adjustment
Confirmation bias
Hindsight

Search
(e.g., failing
to look for
new
information
because of
pre-existing
beliefs)

Attend (e.g.,
focusing on
the wrong
type of
information)











Overconfidence

Weight
(e.g.,
estimation
of risk)

















Loss aversion
Statistical biases
Affect heuristic

Interpret – (e.g.,
misunderstanding
causal
relationships)



Outcome bias

Social biases

Combine
(Inference) –
(e.g., linking
information
that should
not be linked)


















This grid shows that availability and representativeness biases and anchoring and adjustment biases
are potentially relevant at all but the weighting stage of decision-making. For example, due to one’s
pre-existing beliefs and attitudes, one can easily overlook contradictory information after it is
perceived (i.e., at the “attending” stage) or even fail re-interpret this information to be congruent
with one’s desired world view (i.e., when interpreting the information). Confirmation bias, of
course, is another way of understanding the anchoring and adjustment process – it also involves
“situating” on a specific dimension. Affect-related biases are most relevant at the perception
(searching and attention stages) of decision-making, but could also have impact at later stages.
When making decisions with other people, social biases could be relevant at all stages of the
decision-making process. For example, a decision maker could weight the available alternatives
differently, depending on how other important people in their life judge these alternatives.
Other biases typically have a somewhat more constrained impact on the decision-making process
by their nature. Hindsight biases involve working retrospectively to understand why events
occurred as they did, whereas overconfidence primarily involves an inaccurate weighting of the
pros and cons of a situation in one’s favour and/or being unrealistic about one’s probability of
success in a given situation, as well as self-serving interpretations. Similarly, outcome bias and loss
aversion are most relevant at the inference and interpretation stages of decision-making, where
people are striving to understand why things occurred as they did.
There is also good recognition in the military literature that analytic approaches are susceptible to
biases. For example, Janser (2007) argues that the “perfect” MDMP process would require several
criteria, and identifies some ways in which this process could be prone to biases. Table 42 shows
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the requirements of the optimal MDMP process, the biases that Janser (2007) argues could occur,
and our example of each bias.
Table 42. Biases impacting on military decision-making
Requirement for
optimal process

Potential bias (Janser,
2007)

Example of how biases could impact

Accurately assess
the enemy and
friendly situation

Confirmation bias

Confirmation bias could make the commander overlook an
unforeseen enemy, in deference to a known enemy

Identify all
alternatives

Availability bias

Identify all criteria

Representative bias

Accurately weight
all criteria

Illusory correlation bias

Accurately assess
each course of
action

Overconfidence or
insensitivity to sample size

Alternatives that match more recent examples may be more
likely to be chosen, even though they are less appropriate than
more distal COAs. For example, military commanders in
Afghanistan may be more likely to focus on lessons learned in
the recent past than to consider lessons learned at the earlier
stages of the mission.
It is easy to be complacent and to use known and more familiar
categories when identifying options or criteria
People are prone to assuming events that co-occur have a
causal relationship (rather than merely being correlated). As
such, a commander could misinterpret 2 events that occurred in
close proximity to be causally related (e.g., the detonation of a
land mine just after local people left a building), when these two
events could actually be coincidental.
People are often misled by sample sizes, and fail to recognize
that a decision based on a larger observed sample size will
typically be more accurate than one based on a small one.

Final decision

Escalation of commitment

Once people have decided on a course of action, they are
prone to resist changing their COA, even when it is not working
as expected. In fact, they often “up the stakes” and their
commitment to the solution even as it fails.

As Janser (2007) suggests, then, a range of biases could impact at any stage of the operational
planning process. Further, he argues that the MDMP is deficient because it does not fully
acknowledge and account for potential human decision-making biases. Again, it is important to
note that any number of other biases could also occur at the identified stages of the MDMP. Given
that the MDMP has a somewhat similar approach to the CFOPP, this analysis about the biases that
could occur is also relevant to the CFOPP. This analysis shows several specific biases that could
impact, and how an analytic decision-making process could be problematic.
Previous sections of this report described the many different analytic or rational approaches to
decision-making. Although they are all unique and emphasize somewhat different aspects of
decision-making, it is also important to integrate these approaches and to consider the broad
patterns of commonality. Two of the most helpful summaries noted in the literature were provided
by Grant (2009) and Killian (2000). Table 43 provides an integrated version of these two
summaries showing the key characteristics of rational decision-making.
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Table 43. Features of rational decision-making (Grant, 2009 and Killian, 2000)
Feature
Decision maker

Rational decision-making
Novice or expert

Environment

Well-defined goals
Slowly-changing situation
Perfect information
Unlimited time
Set of options
Set of attributes for each option
All attribute-values
Objective function
Score all options using objective function
Compare all options to one another
Select best option
Optimizing
(none)
Option selection
Systematic procedures
In depth COA measurement
Detailed comparison of options
Limited effect of expertise and experience
Garbage in, garbage out (relative comparison of options)
Dependent on accuracy of weights and scores

Information needed

Option construction &
ranking
Option selection
Option evaluation
Key processes
Strengths
Weaknesses

Rational models attempt to prescribe processes that lead to the best or optimal decision. In these
processes, decision quality is determined by only one criterion – how similar the resulting decision
is to the “optimal” decision. These approaches can be very optimal in some cases because they
promote a systematic approach to considering the data at hand, and typically require consideration
of multiple courses of action.
One important feature of analytic decision-making is that it can be performed by either expert or
novice decision makers. This is the case because the analytic process is argued to provide the
structure and form necessary such that even a novice could make an optimal decision. On the other
hand, from the analytic perspective, the opposite is also true. Expertise is not generally recognized
as being likely to provide great benefit to analytic decision-making.
Overall, then, analytic approaches have both strengths and weaknesses. Rational decision-making
processes are likely to be most optimal within a particular kind of environment. Specifically, when
the goals relevant to the decision are well defined, when the available information is complete and
when the situation has less time stress, analytic processes are likely to be more effective. This
represents an important limitation of analytic decision-making. Working systematically through all
available options simply takes more time than making an “off the cuff” decision.
Another important distinction is the analytic process is not amenable to simply “satisficing” if one
arrives at what they belief to be an adequate solution. The analytic process is intended to be
performed as a complete process, at which the best possible solution (rather than a merely satisfactory
solution) is achieved. Moreover, the quality of the final decision is dependent on the quality of the
options generated, and on the weights and values they are given by the decision makers. Missing one
of the best possible options, for example, would make the entire analytic process less successful.
Considerable effort has been directed at understanding more naturalistic decision-making.
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4.3

Naturalistic and Intuitive Decision-making Approaches and
Models

In keeping with the trend away from the purely rational forms of decision-making, a considerable
body of work has explored more naturalistic and intuitive forms of decision-making. This work
typically emphasizes the notion that decisions (particularly those under crisis) are not made through
the careful sifting and rational weighting of alternatives, but through reliance on intuitions,
heuristics and previous experience. This type of decision-making is often described as involving
“bounded rationality”. This refers to the fact that decision-making is constrained by the cognitive
limitations of decision makers, finite time, and incomplete information. Nonetheless, decision
makers are able to use the information that they have (however incomplete) to make a satisfactory
decision.
Descriptive naturalistic decision-making theories involve dynamicity (complex environment),
uncertainty (questionable information) and distribution of tasks (Omodei & Wearing, 1995; as cited
in Elliot, 2005). Naturalistic decision-making is defined by Cannon-Bowers, Salas & Pruitt as
“how experienced people, working as individuals or groups in dynamic, uncertain, and often fast
paced environments, identify and assess their situation, make decisions and take actions whose
consequences are meaningful to them and to the larger organisation in which they operate” (1996,
p. 5; as cited in Elliot, 2005, p. 8). In other words, naturalistic decision-making occurs in real-world
settings under time pressure, shifting conditions, and often with high levels of uncertainty.
Recognition-primed decision-making (Ross et al., 2004) - The most common intuitive approach,
of course, is Klein’s recognition-primed decision model. Known generally as the prominent
naturalistic decision-making (NDM) approach, this method has been defined as the study of how
people use their experience to make decisions in field settings (Zsambok & Klein, 1997; cited in
Pliske & Klein, 2003), often under time pressure, risk, and uncertainty. This model argues that
experienced decision makers may well be capable of generating a quick course of action (COA)
without having to methodically deliberate and to develop multiple courses of action. Experts seem
able to find “short-cuts” to having to go through time consuming deliberations. In situations of
limited time, high risk and a great deal of uncertainty, searching for the optimum solution to a
difficult decision (as prescribed by normative models of decision-making) might actually hinder
the process as opposed to improving it. Thus, naturalistic decision-making differs from rational
decision-making in the use of prior experience throughout the decision-making process. Moreover,
decision makers who use naturalistic decision-making focus on holistic assessment of the situation
(rather than a feature by feature comparison), which enables them to act according to the context.
Three conditions necessary to NDM approaches are identified in the literature (Fewell and Hazen,
2005). These include transparency (decision maker has the required information), familiarity
(situation is recognized) and adequate resources to implement the decision. A serious shortfall in
any of these areas can push the decision maker toward a more analytic approach.
NDM researchers hold that “many important decisions are made by people with domain experience
and, therefore, that it is important to learn how people use their experience to make these
decisions” (Pliske & Klein 2003, p. 561). NDM diverges from more traditional approaches of
decision-making because it strives to consider decisions in context rich settings, people with
domain experience, descriptions of decision-making strategies, and pre-choice processes such as
the development of situation awareness (Zsambok, 1997; cited in Pliske & Klein, 2003). The
recognition primed model (RPD) proposed by Klein (1998) is shown in Figure 8.
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Figure 8. Klein's recognition-primed decision-making model (1998)
Recognition primed decisions are made when experienced decision makers become aware of events
that have occurred. In the simplest scenario (i.e., simple match), problems are recognized and a
standard decision is applied, because the decision maker has experience that can be used as guidance
in deciding what to do. In more complicated situations, diagnosis is necessary. These situations are
not amenable to easily accessible solutions, and require more analysis, feature matching and story
building are employed. Feature matching requires understanding the relevant characteristics of a
situation. Story building involves the creation of a causal explanation and simulating how well this
explanation explains the situation at hand. At this point, the decision maker may perform conscious
mental simulations of how the implemented decision will play out. The next step is evaluating the
projected course of action. This evaluation may or not reveal problems with the solution and that
solution may be modified or rejected outright. Labelled “progressive deepening”, this process
enables the decision maker to forecast the viability of the option being considered possibly
modifying the option. In relating it to military contexts, Klein and Calderwood (1990) noted that this
process overlaps with contingency planning, though it is a much less structured and takes less time.
If the option is rejected another typical reaction is considered and the process begins all over again.
The generation of options is not perfect, and is subject to availability (and other) biases. However,
by utilizing more of a satisficing strategy (as opposed to an optimization strategy) suitable solutions
are usually implemented (Klein and Calderwood, 1990).
Research has shown that naturalistic decision-making can offer several advantages. Research by
Wolf, Militellio and Zsambok (1995; cited in Ross, Klein, Thunholm, Schmitt and Baxter, 2004)
has shown that a good COA can be generated for some tasks by experts on their first attempt.
Similarly, research by Johnston, Driskell and Salas (1997; cited in Ross, Klein, Thunholm, Schmitt
and Baxter, 2004) has also shown that intuitive processes can promote better performance than
analytic processes.
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Other research by Lipshitz and Ben-Shaul (1997) found that in comparison with non-experts,
experts retrieve more information, have a more efficient information search, can more accurately
read a situation, make fewer poor decisions, communicate more frequently and consider other
people’s views more than novices. Based on this, they constructed a model that more specifically
incorporates the role of expertise in naturalistic decision-making, as shown in Figure 9.

Figure 9. Modified RPD model (Lipshitz & Ben-Shaul, 1997; as cited in Elliot, 2005)
As shown in Figure 9, schemas (i.e., cognitive frameworks) are used by experts to recognize
familiar patterns. The decision maker then forms a mental model of the current problem, based on
his or her current situation awareness. Moreover, the mental model can assist the decision maker in
predicting future status of the situation, called mental simulation. A number of studies have
supported the modified RPD model (George et al., 1996; Lipshitz, 1989; Means et al., 1993; as
cited in Elliot, 2005). Thus, Lipshitz and Ben-Shaul argue that in order for the RPD model to
reflect expertise, it should be modified to include schema and mental models.
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For optimal application of naturalistic decision-making, Burwell (2001) identified the following 4
factors as being critical:
1. Intuition – the ability to size up the situation based on experience
2. Mental Simulation – imagining how a course of action will play out (this ability was
especially important in projecting future scenarios)
3. Metaphor – Applying past experiences against the current situation; and
4. Storytelling – allows the consolidation of the experiences to make them available in the
future.
Burwell (2001), then, argues that these abilities are valuable for naturalistic decision makers to
have.
One specific instantiation of intuitive approaches are “fast and frugal” heuristics (Todd and
Gigerenzer, 2000). These heuristics “operate with simple psychological principles that satisfy the
constraints of limited time, knowledge and computational might, rather than those of classical
rationality” (Costa and Pederson, n.d.). One of the limitations of the recognition primed approach
generally is that although they posit broad cognitive processes (e.g., recognition and pattern
matching), they have been criticized for not specifying how people actually perform these
processes (Bryant, 2004). Fast and frugal heuristics are intended to bridge this gap. They forego the
need for complex computations and weightings of the different alternatives, and are meant to be
step-by-step procedures for making decisions. Gigerenzer and Todd (1999) argue that fast and
frugal heuristics must specify several principles for guiding the search for information and
alternatives, stopping the search, and making a decision, as follows:


Heuristic principles for guiding search. A set of heuristic principles directs the search for
information and evaluating alternative choices (Bryant, 2002). The guiding search does not
require extensive computations or knowledge to figure out where to look for information
(Gigerenzer & Todd, 1999).



Heuristic principles for stopping search. A set of heuristic principles specify when and
how the search should stop (Bryant, 2002). The method for determining when to stop the
search should not be overly complicated and does not require a cost-benefit analysis
(Gigerenzer & Todd, 1999).



Heuristic principles for decision-making. Once the search for information has been
stopped, a set of heuristic can be used to choose between the alternatives and make the
decision (Gigerenzer & Todd, 1999).These heuristic principles can be very simple.

These principles, then, provide a way in which to complete the decision process faster and more
efficiently. Several fast and frugal heuristics are identified in the literature, including ignorancebased decision-making, one-reason decision-making, elimination and heuristics and satisficing
heuristics (Bryant, 2004). These are identified in Table 44.
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Table 44. Fast and frugal heuristics
Types of fast and frugal
heuristics
Ignorance-based
decision-making (e.g.,
Recognition heuristic)
One-reason decisionmaking
Elimination heuristics

Satisficing heuristics

When used
Selecting one option from only
2 possibilities
When one relies on a single
cue (or reason) when choosing
among options.
When the decision maker must
make an inference about the
category of an object
When able to successively
compare each option to a fixed
criterion value (Bryant, 2004)

Example
If relying on the recognition heuristic, if
asked to choose 2 different vintages of
wine, one would simply select the known
rather than unknown wine (Bryant, 2004).
Buying a product solely because it is a
name brand
When buying a car, if one identifies the
most critical features and then eliminates
any new vehicle that does not have these
features
If one determines the minimum acceptable
set of features on a new car, and stops at
the first car that meets this threshold

The Take the Best alternative heuristic is another “fast and frugal” heuristic evident in the
literature. It can be used when a decision maker must choose between two options using one
criterion (Gigerenzer & Goldstein, 1999). In some environments, people know the best cues upon
which to base their decisions. In such situations, some cues may have genetic links (e.g., cues for
mate selection), and others may be learned through observation. When the cues have been learned
through observation, the order of cues can be estimated from the number of times the cue has
predicted the criterion in the past. This information is used to conduct a limited search using a stepby-step process (as outlined in the fast and frugal heuristics section above).
A military example of the take the best alternative method comes from Famewo et al. (2007) using
a counter insurgency detection context. The presence or absence of a helmet can be used as a cue.
Where a helmet is present, this may be sufficient to identify the person as a friend. On the other
hand, a decision maker may determine that if there is no helmet, the cue does not provide sufficient
information, so another cue may be required before a decision can be made (Famewo et al., 2007).
Due to the reliance of this heuristic on cues from the environment, the take the best alternative
approach seems particularly vulnerable to availability biases.
As a whole, however, fast and frugal heuristics are intended to simplify decision-making processes
by identifying either when to search, stop or how to make a decision without complex calculations
or analyses. It is important to note that they require obvious tradeoffs between reduced time and the
quality of the decision made. Decisions made using fast and frugal heuristics have computational
simplicity as the primary benefit.
Two additional models fitting into the naturalistic traditional are prominent in the literature, and
have been argued to be relevant to decision-making, particularly in applied environments. These
are the Rasmussen model of operator thinking and the Endsley model of situation awareness. Each
of these models is described in more detail in the sections that follow.
Three Level Model of Operator Thinking (Rasmussen, 1983) - Rasmussen (1983) developed a
three-level model of human behaviour in supervisory control. This model distinguishes categories
of human performance according to the different ways of representing constraints on behaviour, as
shown in Figure 10.
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Figure 10. Rasmussen’s three-level model of operator thinking (Grant & Kooter,
2005)
As can be seen in the above model, a decision-maker integrates rule-based decision-making with
behavioural stimulus-response (skill-based) and first principles (knowledge based) reasoning
(Grant & Kooter, 2005).


Skill-based behaviour. Skill-based behaviour is the simplest form of behaviour involving
rapid, coordinated movements (Rasmussen, 1983). Decision makers try to identify signals
from sensory cues that allow them to take action (Grant & Kooter, 2005). This is a
stimulus-response behaviour that occurs without conscious attention or control
(Rasmussen, 1983). After engaging in skill-based performance, the decision maker will be
unable to describe how the behaviour was controlled or the information the decision was
based upon. Examples of skill-based behaviour include riding a bicycle or playing a
musical instrument.



Rule-based behaviour. If the skill-based reasoning fails, decision makers apply rule-based
reasoning to match the system state to a task (Grant & Kooter, 2005). The decisionmaker’s behaviour is goal-oriented based on a stored-rule, which rules may have been
derived from previous situations, communicated from other people (e.g., cookbook recipe),
or through conscious problem solving and planning (Rasmussen, 1983). Thus, the decision
maker recognizes s situation, recalls a rule linking the situation to a task, and applies the
rule (Grant & Kooter, 2005). The relatively quick cognitive effort required makes rulebased reasoning is common in military constructs (e.g., tactics, doctrine, standard operating
procedures).



Knowledge-based behaviour. Knowledge-based behaviour is used when the decision
maker is in an unfamiliar environment with no pre-existing know-how or rules for
behaviour (Rasmussen, 1983). The decision maker explicitly formulates a plan based on an

Page 78

Human Decision-Making Biases

Humansystems®

analysis of the environment and overall goals. Different plans are then considered, tested
against the goal (via trial and error or by understanding functional properties) in order to
select a plan. This reasoning can be slow and difficult if there is no decision support (Grant
& Kooter, 2005).
This model makes an important distinction between responses and decisions that occur even
without conscious control and those that require more specific attention. The key point of the
model is that if some decisions (requiring use of skills or rules) can be supported or trained, this
would free up cognitive resources for tasks that require more sophisticated forms of knowledge.
Grant and Kooter (2005) argue that Rasmussen’s model is useful for designing C2 systems. The
model provides a basis for decision support, for models of human error, and for designing task
analysis methodologies.
Situation Awareness Model (Endsley, 2000) – Endsley’s situation awareness model (2000)
makes a critical contribution to models of decision-making. Situation awareness is “the perception
of elements in an environment within a volume of time and space, the comprehension of their
meaning, and the projection of their status in the near future” (Endsley, 2000, p. 3). Within military
domains, commanders and staff who “see the big picture” or who have a “helicopter view” of the
battlefield have situation awareness (Grant & Kooter, 2005). When situation awareness is lost,
decisions are likely to be suboptimal.

Figure 11. Endsley (2000) model of situation awareness in decision-making
As can be seen in Figure 11, there are three levels to situation awareness (Endsley, 2000).
Level 1 - Perception. Decision makers must perceive cues from their environment. Without
such perception, it is likely that the decision maker will form an incorrect picture of the
environment.
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Level 2 - Comprehension. This is the level of sense making. In addition to perceiving
information, decision makers must be able to combine, interpret, store and retain
information. Information must be integrated to create an accurate picture and the relevance
of the information must be assessed in relation to the decision maker’s goals.
Level 3 - Projection. Effective decision makers are able to forecast future situation events
and dynamics. Time decision-making occurs when the decision maker is able to project
from current events to anticipate future events.
Klein (2000) has argued that situation awareness is critical to all parts of the recognition-primed
decision-making model. For example, one of the key factors in the RPDM model is expertise.
Experts are also likely to have high level of situation awareness, and to be better able to recognize
patterns in emerging situations. Recognition of the most important cues, and being able to focus
attention will make the expert more adept at making decisions. As such, the processes described in
the Endsley model map on very well to RPD approaches.
These approaches to naturalistic and intuitive decision-making, of course, both exemplify the
influence of Simon’s notion of satisficing when making decisions in complex environments. To
varying degrees, these descriptions of typical decision-making processes have been applied to
judgments in complex military environments.
4.3.1

Application of Naturalistic Approaches to Military Contexts

Given the complexity and uncertainty of modern military operations, it is perhaps not surprising
that naturalistic approaches have also been influential (Bryant, Webb, & McCann, 2003).
Demanding a computational or analytic resolution to a situation on the battlefield (Bryant et al.,
2003) might be unrealistic and overly burdensome for the decision maker. It is likely that soldiers
will be in situations that are meaningful and familiar to them, encouraging the use of their
experience and expert knowledge. In these cases, recognition primed decision-making and other
intuitive approaches may offer some advantages.
The most common intuitive approach, of course, is Klein’s recognition-primed decision model. As
noted earlier, this model argues that experienced decision makers may well be capable of
generating a quick course of action (COA) without having to methodically deliberate and to
develop multiple courses of action.
The sections that follow present several different naturalistic approaches to decision-making within
a military context. These include the recognitional planning model, planning under time pressure
(PUT) model (Thunholm, 2005), the process model of analysis and decision (Davis, Kulick and
Egner, 2005) and the collegial decision-making model (McCrabb, 2002).
Recognitional planning model (Ross et al., 2004) - In military operations, some have argued that
the RPD model maximizes a commander’s experience to recognize patterns that define and frame
the situation and to develop satisfying courses of action (Vowell, 2004). Then mental simulation is
used to determine the feasibility of the optimal course of action (CoA). However, options are rarely
compared to other CoAs. In attempting to apply RPD more specifically to military planning, a new
military planning process based on RPD (the recognitional planning model) was created.
The recognitional planning model (RPM) is a practical application of the RPD model designed for
commanders to identify their preferred COA so staff can work on detailing and improving it (Ross
et al., 2004), as shown in Figure 12.
Page 80

Human Decision-Making Biases

Humansystems®

Figure 12. The basic recognitional planning model (Ross et al., 2004).
Stage 1: Understand Mission/Conceptualize COA. After receiving mission from higher
HQ, commander and staff try to understand the mission and decide how to proceed.
Commanders can identify and describe a base COA, or they can ask staff for suggestions
as to a COA. In unfamiliar situations, a substantial amount of mission analysis might be
required to conceptualize a COA.
Stage 2: Test/Operationalize COA. During this process, staff identify any flaws that could
disqualify a COA or identify a more appropriate COA. In such cases, the options are
contrasted by imagining the consequences of implementing each option.
Stage 3: Wargame COA. The COA is wargamed to see if the plan will hold up against
enemy COAs. Under time pressure, the wargaming can serve as a rehearsal.
Stage 4: Develop Orders. When using the RPM, staff often only consider one COA. This
makes developing the OPORD a cut-and-paste procedure at this stage because the OPORD
has been worked on through the final three steps of the RPM.
RPM is an abbreviated version of the Military Decision-making Process (MDMP, a US planning
process similar to the CFOPP) in that it truncates Stage III (generation of multiple COAs) and
Stage IV (wargaming all three COAs), and eliminates Stages V (COA comparison) and VI (COA
approval). This approach has been shown to increase planning tempo by about 20%, and the plans
produced were rated as being “somewhat bolder and better adapted to situational demands than
MDMP plans” (Ross et al., p. 1).
Planning Under Time pressure (PUT) Model. This model is another planning method also based
on the RPD model. It was created by Swedish military planners for use in tactical level decisionmaking and strategic mission planning. The authors of this model argue that “traditional models are
seen as too time-consuming and prescribe unnecessary steps, not adding any substantial value to
the process.” (Thunholm, 2006, p. 5). Intended for higher tactical units, this process contains 3
main steps each with their own sub-steps. It is meant to be adapted based on the situation and
planners’ preferences, as shown in Figure 13.
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Figure 13. Planning under time pressure model (Thunholm, 2005)
The main steps and sub-steps are (Thunholm, 2005):
Step 1: What must be achieved?
1. Understanding the mission and what is to be achieved. Thunholm (2005)
specifically notes that thinking “in terms of capabilities rather than military units”
(p 8) is desirable.
Step 2: How can this be achieved?
2. Conducting a situation assessment and identifying uncertainties
3. COA Generation
4. “Listing general and specific criteria of success” (Thunholm, 2005, p. 9). These
factors are to be drawn from previous experience. They should include both
specific and general factors that measure success.
Step 3: How should this be achieved?
5. Development of a tentative plan that the decision maker feels is credible. If there is
a great deal of uncertainty, multiple plans could be created for different uncertainty
outcomes.
6. Enemy scenarios (minimum 1, but ideally more than 1) should be simulated.
7. “Deciding how the task should be carried out” (Thunholm, 2005, p. 10) and
initiating execution.
8. There are two parts:
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i. Create orders for sub-ordinate units
ii. Sub-ordinate units should begin to identify in advance scenarios that will
create predictable decisions. The earlier these decisions are created the
faster the follow-on decision cycles will be.
The PUT model is distinct from the rational planning processes (e.g. OPP, MDMP) in that it seeks
satisficing over optimization and suggests a commander led (versus staff centric) process. Also, the
model attempts to move the focus on the product (i.e. the plan) not the planning process which is
unique. The model is also distinct from the RPM process. While RPM defines situation assessment
as a pre-requisite for planning, the PUT model explicitly includes it in the model. As well, COA
generation is included as a separate phase as there is no assumption that the Commander will be
able to recognize a solution quickly as is suggested by the RPM (Thunholm, 2005).
Process Model of Analysis and Decision - The Process Model of Analysis and Decision is a broad
naturalistic decision-making process that emphasizes adaptiveness, a key component in military
planning. Although the model stems from the United States Air Force, the adaptiveness
implications are relevant for the CF. Davis, Kulick and Egner (2005) created the idealized decision
process model. Adaptiveness is a key strategy in making and following through with plans.
Decision makers tend to rely on a high level of uncertainty; thus, with the presence of new
information, numerous situations require original plans to be adapted. This can lead to the final
plan in a broad “grand strategy” approach that is remarkably different from what was originally
proposed. The model begins with the decision maker recognizing the problem, reviewing interests,
assessing the situation, developing alternatives, and finally choosing and refining a strategy. Davis
et al. (2005) revised the idealized process and created a model of analysis and decision (see Figure
14) to incorporate more of an adaptive approach to decision-making.

Figure 14. Revised process model of analysis and decision (Davis et al., 2005, p. 49)
As shown in Figure 14, the decision maker begins the process by recognizing the problem and
generating strategies. The decision maker then analyzes the strategies and begins to assess which
strategies would be appropriate for the problem at hand. The last steps in this process involve the
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actual decision of which strategy would be best and the adaptation of that strategy. Throughout the
entire decision-making process, the decision maker relies on their previous experience and
continues to focus on the situation at hand, attending to the possible contextual cues that may
require adaptation of the plan.
The following section explores different decision-making approaches that are all based on the
Observe-Orient-Decide-Act (OODA) Loop.
Observe-Orient-Decide-Act (OODA) Loop – The OODA loop model was developed in the
1970s by Col John Boyd, a retired U.S. Air Force fighter pilot. He believed that U.S. pilots were
outperforming Chinese pilots during the Korean war because U.S. pilots were able to “process
what they saw (observations), match that against stored schema (orient), decide, then act on those
decisions faster than their opponents” (McCrabb, 2002, p. 139). Within this model, friendly and
enemy forces are seen as being in competing cycles of decision processes. The key assumption is
that completing one’s own decision cycle faster than one’s opponent will yield ever-increasing
advantages in command and control (C2) effectiveness, which will, in turn, yield greater battle
success (Alex, 2000; as cited in Bryant, 2004). The OODA loop is extensively used to represent the
C2 decision cycle in military contexts (Breton, 2005; as cited in Guitouni, Wheaton, & Wood,
2006).
The processes in the OODA loop are shown in Figure 15.

Figure 15. Observe-orient-decide-act model (Boyd, 1996; Grant & Kooter, 2005)
The Observe step involves acquiring information about the environment through our senses and
interactions (Grant & Kooter, 2005). The Orient step involves making some sense of the
information that has been collected. This involves somehow integrating this new information with
previous views to achieve an up-to-date model of the current state of the world. As shown in Figure
15, this process includes new information achieved during the Observe step, previous relevant
information, as well as cultural traditions, genetic heritage, which combine to update one’s current
model of the world. Unfortunately, the OODA loop model does not provide any description about
exactly how this occurs (Brumley, Kopp and Korb, 2000).
At the Decide step, once one’s model of the world is updated, it is then possible to see how one’s
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action will affect the future state of the world, enabling a decision to be made. This decision is then
enacted. As mentioned earlier, the key to the OODA loop is deciding and acting faster than one’s
opponent. The OODA loop processes are performed in dynamic and complex environments
(Guitouni, Wheaton, & Wood, 2006). The processes are also influenced by factors such as timestress and uncertainty.
The strength and persistence of the OODA loop model have been argued by one author to be, in
part, a product of its emphasis on orientation and the need to consider context when making
decisions. McCrabb (2002, p. 139) argues that “Classic rational actor models and reasoning by
analogy models share the common pitfall of ignoring context”. He argues further that Boyd’s
model incorporation of experience and cultural heritage makes the contextual underpinnings of the
orientation stage explicit.
Unfortunately, available descriptions of the OODA loop provide little indication about how
decision-making processes actually happen. For example, it is unclear whether analytic or
naturalistic processes are used, but some authors (Brumley et al., 2000, p. 19) note that “If the
individual is using a rational decision-making model, then it will choose actions that maximize its
expected benefits and minimize its expected penalties. The OODA loop does not restrict the
individual’s decision-making methods in any way.”
Other models that derive from the OODA loop tradition have also emerged. Fewell and Hazen
(2005) created a decision-making framework based on aspects of the OODA loop tailored to
network centric warfare (NCW) contexts. Fewell and Hazen (2005, p. 1) describe NCW as “the
conduct of military operations using networked information systems to generate a flexible and agile
military force that acts under a common commander’s intent, independent of the geographic or
organizational disposition of the individual elements, and in which the focus of the warfighter is
broadened away from the individual/unit or the hardware/software to instead give primacy to the
mission and responsibilities of the team, task group or coalition”. Thus NCW uses networks to
share information between teams and groups. Although Fewell and Hazen’s report is for the
Australian Department of Defence, many of the concepts discussed are applicable to the CF.
Fewell and Hazen (2005) created a framework for decision-making based on the OODA loop,
specifically focused on the orient and decide steps. The structure of the model has two spaces, the
situation space and the decision space, as shown in Figure 16.

Situation
Space

Decision
Space

Figure 16. Military decision-making model structure
(adapted from Fewell & Hazen, 2005)
The situation space encompasses all the possible situations that the decision maker may encounter.
Likewise, the decision space encompasses all the possible decisions that the decision maker may
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encounter. The decision space also includes the decision soundness. Decision soundness is the
measure of the extent to which the decision is the best possible option. The situation space and the
decision space are connected by a decision-making function in response to the commander’s intent
and constraints (e.g., ROEs, time) and the implementation of the decision. The decision function
related to the commander’s intent and constraint also reflects the decision maker’s experience and
biases, and the mission context. The various components of the proposed decision-making model
are shown in Figure 17.
Situational Awareness
(observe & orient)
Encompassed
by
Commander’s
Intent

No

Seek
clarification of
intent and notify

Yes

Specific
action
implied

No

Yes

Personality,
Biases,
Stressors

Recognition Based Decision
Making

Analytic Based Decision
Making

Decision

Decision Space

Figure 17. Fewell & Hazen (2005) decision-making model
In short, this model argues that situation awareness feeds into the commanders’ intent, leading to a
possible specific action based on previous experience or knowledge. This, of course, represents a
recognition-based process. If no specific analogy is available at that point, a more analytic process
must be initiated. Both of these processes are influenced by personality factors, stressors and even
individual biases, which combine to affect the ultimate decision that is made. The Fewell and
Hazen (2005) model focuses on decision-making during NCW where the focus is between teams
and under a common commander. There can be many variables that influence how a commander
makes a decision, for example, intent, mission, personality, biases, constraints, stressors, etc. The
decision maker can apply the same strategies from a similar situation (recognition primed decisionmaking), or generate new options (analytical decision-making). In summary, Fewell and Hazen
(2005) have created a model which considers both the situations and decisions of a commander and
considers many possible variables that could influence the decision.
C-OODA Loop (Breton and Rousseau, 2005) - Breton and Rousseau (2005) developed an
expansion of the OODA loop that incorporates aspects of Endsley’s Situation Model and Klein’s
RPD model. Although the OODA loop is extensively used to represent the C2 decision cycle (e.g.,
U.S. Navy, U.S. Army), Breton and Rousseau argue that it has several limitations. First, the OODA
loop has a limited ability to represent dynamic and complex situations common in C2
environments. Second, the OODA loop includes abstract concepts that do not provide enough
detail to allow the loop to be an efficient analytic tool to support system design and training
program development. To address these issues, Rousseau and Breton (2004) first developed a
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modular version of the OODA loop they called the M-OODA. The M-OODA adopted a modular
approach in which each process in the OODA loop was represented as a generic module. However,
Breton and Rousseau (2005) felt that the M-OODA did not provide enough cognitive clarity.
To address this, they developed the C-OODA a cognitive version of the OODA loop construct. The
goal of the C-OODA was to address the issue of cognitive clarity while maintaining the high level
representation of the OODA loop. The C-OODA is rooted in the OODA loop but has the modular
architecture of the M-OODA. It also incorporates aspects of Endsley’s Situation Awareness model
and Klein’s RPD model, and is shown in Figure 18.

Figure 18. C-OODA loop (Breton & Rousseau, 2005)
Observe Phase: The first stage (Perceiving) registers features from the environment, and
the second stage (features matching) matches these features with knowledge in the decision
maker’s long-term memory. These stages incorporates features from both Endsley’s SA
model (perceiving) and Klein’s RPD model (features matching).
Orient Phase. In the first stage (comprehending), causal relationships between structured
objects identified in the Observe phase are analyzed. Projection involves understanding
how the situation may evolve within a volume of time and space in order to act correctly,
as per Endsley’s situation awareness model.
Decide Phase. In the recalling stage, the decision maker develops a list of prototype actions
from memory. In the evaluation stage, the decision maker evaluates the pros and cons of
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each proposed action. These stages are imported into the C-OODA loop from Klein’s RPD
model.
As the “Act” phase of the OODA loop represents the implementation of a decision, the authors
chose not to improve the cognitive clarity for this phase and omitted it from the C-OODA loop.
This model captures the OODA phases while extending them to models of situation awareness and
recognition primed decision-making, as shown in Figure 19.

Figure 19. C-OODA loop extensions (Breton & Rousseau, 2005)
Overall, this modified version of the OODA loop model makes a number of contributions. It
provides a more complex depiction of the cognitive processes that underlie the decision cycle. It
also addresses more than one aspect of the OODA loop (e.g., orient). However, the authors
themselves acknowledge that with more cognitive granularity, some of the parsimony of the
OODA model is lost.
Critique-Explore-Compare-Adapt Model (CECA; Bryant, 2004) - Bryant (2004) has criticized
the OODA loop as an outdated model of cognition. Despite its intuitive appeal, he argues that the
processes that people use to seek and use information and to generate and select courses of action
are not explicit in this model. Moreover, the OODA Loop portrays command decision-making as
reactive rather than proactive. In addition, the OODA Loop overlooks the fact that decision-making
has both “bottom-up” and “top down” components, and that critical thinking and constructive
processes such as mental models help to guide human decision-making.
Bryant (2003) proposes an alternative descriptive model, the Critique-Explore-Compare-Adapt
(CECA) Loop. The CECA Loop is predicated on two mental representations. The first
representation is the conceptual model, which is derived through the operational planning process.
This model is “how you want it to be” and must be goal directed and describe the states of the
battle space one that one wants to achieve over a specified period of time. Bryant argues that this
model is much more important than describing what actions one believes should be performed to
meet operational goals. The second representation is the situation model, which captures the state
of the battle space at a given moment in time. The situation model is a representation of “how it
currently is” (Bryant, 2004). The CECA model is shown in Figure 20.
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Figure 20. CECA loop (Bryant, 2003)
Bryant (2003) describes the four phases of the CECA Loop as follows:
Critique. In the critique phase, information needs are established by identifying the critical
aspects of the conceptual model that would render an operational plan untenable in some
respect. This will help the commander identify aspects of the plan that need to be adapted
to changing conditions.
Explore. Guided by information needs developed in the Critique phase, data is actively and
passively collected from the battlespace. Data collected are used to update the situation
model.
Compare. The situation model is compared to the conceptual model to identify any invalid
aspects of the conceptual model.
Adapt. A plan is determined to respond to discrepancies identified in Compare phase.
The key to effective information management depends on minimizing attention devoted to
information that does not have the potential to invalidate the conceptual model. Disconfirmatory
evidence, which can indicate ways in which the conceptual model is not an accurate representation
of the situation, is more valuable than confirmatory evidence (Bryant, 2004). This is not a straight
forward solution however; as has been previously discussed, decision makers do not naturally seek
disconfirming evidence.
It is worth noting that there are criticisms of the CECA model. Guitouni, Wheaton and Wood
(2006) argue that though the CECA model clarifies the dynamics of the decision-making model, it
does not address the creative inputs that go into the planning stages of military operations.
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Collegial decision-making model (McCrabb, 2002) – One of the limitations of the models
presented to this point is that they fail to explicitly address situations in which more than one
decision maker is active. McCrabb (2002) examined decision-making in coalition operations.
Despite the familiarity with more common hierarchical methods, coalition operations have a
tendency to use a collegial decision-making method. The hierarchical decision-making models rely
on one actor making the decision, however, this is typically not the case. For example, decisions
usually are a result of a group action and collegial decision-making models take that into account.
Collegial models require a group to share a goal, to take into account the OODA method (discussed
above), to describe the belief structures of the group, and to develop models of causality.
McCrabb (2002) created a collegial decision-making model to use in effects-based operations
(EBO; focus on results and how those results came about) when coalition groups are planning,
executing and assessing. The collegial decision-making model is shown in Figure 21.

Shared through mediation

Actor N

Thinly

Models of
Causality

Shared

Belief Structures

(not all shown)

(Framing)

All dimensional, multilateral

Situation Awareness

Thickly Shared
Actor A

Actor B

Models of
Causality

Models of
Causality

Belief Structures
(Framing)

Situation Awareness

n-dimensional,
bilateral

n-dimensional,
bilateral

Belief Structures
(Framing)

Situation Awareness

Figure 21. Collegial decision-making model (adapted from McCrabb, 2002, p. 142)
This model shows 3 different actors (Actor N, A and B), each having a unique level of situation
awareness and working to develop their own models of causality and belief structures. These belief
structures are argued to be influenced by framing, or by the ways in which a problem is presented,
and this framing is argued to be associated with recognition primed decision-making. Another
important aspect of this model is that the level of “sharedness” within the group will naturally vary,
as represented by the different thicknesses of lines around the 3 actors.
Shared understanding is an important aspect of the collegial decision-making model. It involves
understanding the strategic culture (i.e., habits, traditions, method of operations) of the coalition.
Moreover, it is beneficial for commanders to not only understand the decision-making process of
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the adversary, but to understand the decision-making tendencies of the coalition as well. Thus,
collegial decision-making model can have implications in the military, namely in targeting, strategy
and course of action development, and wargaming.
Importantly, this model includes an important social factor, namely groupthink. Groupthink is
enhanced when the group is cohesive, there is a lack of norms, a team member uses manipulation
or the group is stressed. Groupthink is especially dangerous in coalition operations where ad hoc
teams are brought together to discuss specific issues, as such groups may be more likely to reach
unanimity and to be at risk of groupthink. Overall, then, this model presents a unique view of
naturalistic decision-making within military environments, through its focus on team or group
decision-making.
Unified Decision-Making Framework - One notable attempt particularly relevant to this report is
that of Guitouni et al. (2006), which asks whether it would make sense to integrate the many
different approaches into a single model of decision-making.
Guitouni et al. proposed a common framework under which all decision-making processes can be
understood. This framework is called the Unified Decision-Making Framework, and is shown
below in Figure 22.

Figure 22. Unified decision-making framework (Guitouni, Wheaton & Wood, 2006)
This model involves a number of rings around a decision maker which symbolize different
domains of decision-making approaches (Guitouni et al., 2006). The innermost layer involves the
cognitive or psychological domain. This represents the fact that decision-making is a
cognitive/psychological process. The next layer is the knowledge domain. This represents the fact
that knowledge is a key factor in decision-making, and it can arrive in many forms (e.g.,
perceptual, textual, etc.). Guitouni et al. (2006) argue that although few models actually describe
information flow, most do posit some form of information impacting on a decision. The third layer
is called the organizational domain, and represents the social, authoritative and political structure
within which information and the decision maker are contained. Finally, the outermost domain
layer relates to observable effects. This layer represents the fact that an action might be observable
in a range of domains (e.g., physical, political).
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Guitouni et al. (2006) consider a number of academic and military models relevant to decisionmaking (most of which have already been discussed), and identify how they map onto the critical
elements identified in the Unified Decision-Making Framework. This table has been adapted to
match the most prominent models noted in the available literature and reviewed in this report, as
shown in Table 45.3
Table 45. Unified Decision-making framework mapped to models
Model
Simon’s Model (1960) Klein RPD Model
Endsley’s Situation Awareness
Multiattribute Decision Models
(MAUT)
OODA
C-OODA
CECA
CF OPP
Effects based operations

Type

Cognitive

Knowledge

Organization

Observable
Effects

descriptive
descriptive
descriptive
prescriptive

Primary
Primary
Primary

Secondary
Secondary
Secondary
Primary

Secondary

Secondary

descriptive
descriptive
descriptive
prescriptive
prescriptive

Primary
Primary
Primary

Secondary
Secondary
Secondary
Secondary
Secondary

Primary
Secondary

Secondary
Primary

The purpose of this analysis, they argue, is to provide an easy summary of what aspects of
decision-making each of these models emphasize, in terms of whether each dimension (e.g.,
cognitive, knowledge, etc.) is posited to have a primary or secondary role within each model or
approach. Presumably, this could be matched with the demands of a particular problem, in the
sense that if working to find a model that gave primacy to observable effects, effects-based
operations approaches would likely to offer more assistance than models without this emphasis.
4.3.2

Pros and Cons of Naturalistic Approaches

Given the range of naturalistic approaches, then, it should be clear that these approaches have been
argued to have both pros and cons. Naturalistic decision-making approaches (NDM) are noted for
their emphasis on the role of expertise. Experts are acknowledged to be able to use “shortcuts” to
reach high quality decisions, because their expertise enables them to recognize adequate solutions
to the issues that they face. NDM approaches are also particularly well suited to complex, dynamic
decision-making environments. High levels of uncertainty, incomplete information, time pressure,
and unclear goals pull for decision processes that are more efficient and take less time than analytic
decision-making processes.
The information requirements within the NDM approach are also more constrained. While analytic
approaches require the generation and weighting of all available options, the NDM approach
simply requires that the decision maker is able to form an adequate “picture” of the current
situation, and to be able to access analogies of situations faced in their previous experience. If they
are able to find a simple match, the decision process is complete, and other options and COAs need
not even be considered. If not, more deliberation is necessary, but the length of this NDM process
falls far short of that required for analytic decision-making.
3

‘Primary’ indicates the main focus of the academic or military model, whereas ‘secondary’ indicates domains that receive less
emphasis.
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One of the most important features of naturalistic decision-making is that it strives for a
satisfactory solution rather than an optimal solution. If a very quick but adequate decision can be
made, the NDM process can be declared complete without further attention. This, of course, is
quite distinct from the analytic process, wherein all alternatives need to be systematically
considered even though the decision maker might intuit a faster solution.
Of course, NDM approaches have both strengths and weaknesses. Key strengths include maximal
use of experience and expertise, and quick and efficient completion of the decision-making process.
On the negative side, however, NDM approaches have also been criticized because they do not
require a full analysis of the available options. This could lead to a decision maker overlooking an
excellent solution that they would have considered if they had taken the time to consider all the
alternatives. Moreover, the NDM approach does not emphasize full consideration of all possible
outcomes of one’s decision, so could result in unexpected surprises if the experiential analogy being
used does not reflect the current outcome. Killian (2000) also notes the potential “garden path” risk
when using NDM approaches, namely that one’s assumptions about the best match in a given
situation could be wrong, and decisions based on that assumptions could be faulty. Another potential
limitation is that experts are not necessarily available in every situation. When this is the case, it is
unclear that the approach provides an adequate basis through which novices would be able to make
optimal decisions. As Bryant (2004) has noted, even though naturalistic decision-making approaches
describe a broad range of important processes (e.g., recognition, pattern matching), it fails to
adequately explain exactly how people actually undertake these processes.
As a way of summarizing the key features of intuitive decision-making, Table 46 summarizes
information provided by Grant (2009) and Killian (2000).
Table 46. Features of intuitive decision-making (Grant, 2009 and Killian, 2000)
Feature
Decision maker
Environment

Information needed
Option construction &
ranking
Option selection
Option evaluation
Key processes

Strengths

Weaknesses
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Naturalistic decision-making
Expert
Ill-defined & shifting goals
Dynamic situation
Incomplete & inaccurate information
Time pressure
Current situation
Situation patterns from previous experience
Match patterns to situation
Construct single option
No comparison or ranking
Satisficing (“good enough”)
Mental simulation
Situation assessment
Pattern matching
Story generation
Mental simulation
Leverages expertise and experience
Commander (or decision maker) centred
Rapid response
Minimal resources required
Limited analysis of options, if any
Shallow assessment of outcomes
Potential “garden path” effects
Limited number of options considered
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Within the military environment, Vowell (2004) has noted both advantages and disadvantages to
using the RPD approach in military operations. This analysis similarly applies to other naturalistic
decision making processes in military settings. The following advantages were identified:


Rapid decisions. Commanders can make individual decisions very quickly under great time
pressure. “The RPD model fits well into commanders who are comfortable making
decisions with limited products and briefings to tell him what he already knows” (Vowell,
2004, p. 31).



Maximizes leader experience. The RPD approach relies heavily on the decision maker’s
level of experience.



Flexibility and adaptability. The experience of decision makers makes them more ready to
identify sources of change that might impact upon decision-making.

Vowell (2004) also notes a number of disadvantages to using the RPD approach in military
operations:


Planning. The RPD model is a decision-making tool rather than a planning tool. Decisionmaking is a part of planning, not a substitute for the planning process. Commanders using
the RPD model would find it difficult to build a shared vision and communicate a plan.



Lack of experience. The RPD model relies heavily on the leader having a great deal of
experience on which to base his decisions. Situations can arise in which leaders do not
have the experience needed to use the RPD model. For example, stability and support
operations in the 1990s created novel situations for the mechanized and armoured units
deployed to do peacekeeping in the Balkans. In short, many commanders simply did not
have the experience necessary to create the mental models necessary.



Complexity. Naturalistic decision-making approaches have also been criticized as being
based on relatively simple scenarios (e.g., Klein’s firefighting scenarios), which are
substantially less complex than those in modern warfare. This is perhaps the most
prominent criticism of the RPD approach. Despite its appeal, the major tenets of the RPD
approach appear to have emerged from relatively simple experiments occurring in
relatively uncomplicated contexts.



Highly individualized process. The RPD model provides a description of how individuals
make a decision. It is a poor model, however, for team building and sharing a vision with
staff and subordinates.

Nonetheless, naturalistic decision-making approaches have been extremely influential within a
range of military environments.
Within the military domain, there are obviously many different models that are relevant to the
Canadian Forces. Ross et al. (2004) provide a helpful comparison of the 2 most common analytic
and naturalistic approaches within the United States military system. MDMP approach and the
recognitional planning model are compared on a number of dimensions in Table 47.
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Table 47. Comparison of MDMP and recognitional planning model
Dimension
Decision criteria
used
Research
support
Relies on
Impact of time
pressure

MDMP
Relies on multi-attribute utility
analysis (MAUT)
Support for the assumption that
more COAs result in better
decision quality is weak
Need for thorough analyses
Degrades the MDMP process

Recognitional planning model
Relies on recognition-primed
decisions
Some proven benefits (tempo and
decision quality)
Expertise and experience
Tailored for time pressure
situations

Again, each of these approaches has strengths and weaknesses. Ross et al. (2004) argue that the
assumption that developing more potential COAs will naturally lead to better decisions has not
been conclusively supported by previous research. On the other hand, recognitional planning
approaches have been shown to provide faster tempo and to promote good quality decisions.
Naturalistic decision-making approaches, of course, are also subject to human decision-making
biases and errors. The importance, prevalence and relevance of human decision-making biases is a
very controversial topic within the domain of naturalistic decision-making. One stance adopted by
proponents of this approach is to argue that in the real world, biases do not have the same impact
that they have been found to have in laboratory settings. Klein and Calderwood (1990) argue that
experts can rely on heuristics (recognition and availability specifically) effectively and that reliance
on these heuristics is actually a strength not a weakness. More pointedly, Klein (1989, p. 62) has
argued that:
“The concept of decision bias is that people are predisposed to make poor decisions
because of several inherent tendencies…This argument is often made by scientists who
want to convince us that human decision makers (other than themselves) cannot be trusted,
and we therefore need these scientists to develop decision aids to keep the rest of us from
making grievous errors.”
These arguments, however, seem to run counter to much of the available literature, which shows a
range of biases impacting the performance of even experts, as noted in the previous section on
biases.
Although naturalistic processes require some generic decision-making processes (e.g., searching
and attending), they emphasize other unique aspects of decision-making. Four processes related to
naturalistic approaches are situation assessment, pattern matching, story generation and mental
simulation. Unfortunately, the available literature provides very little discussion of what exact
biases are likely to impact within each of these processes. In the absence of this discussion, we
have attempted to combine our knowledge of the bias literature and the decision-making literature
in order to explore what biases are most likely in each of these naturalistic processes.
Decision-making biases could occur in each of these different processes, as shown in Table 48.
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Table 48. Biases associated with naturalistic decision-making approaches
NDM Requirements
Common Biases
Availability
Representativeness
Anchoring and
Adjustment
Confirmation bias

Situation
assessment

Pattern
matching

Story generation















Hindsight
Overconfidence






Outcome bias

Mental simulation







Loss aversion
Statistical
Social
Affect









Situation assessment involves processing information from the environment as a basis for one’s
decision. This process could be affected by availability biases – as information that is more
accessible in some way could be given more weight. Similarly, new information gained during the
SA process could also be interpreted as fitting in known categories (representative bias) when it
actually does not belong in those categories. The process of pattern matching involves pairing a
new event or new object with one’s experience and/or expertise. Having solved a past problem in a
particular way, then, one might be more inclined to mistakenly assume that a new problem has the
same characteristics and that it could be solved the same way, even though it has characteristics are
not consistent.
Story generation and mental simulation are also amenable to biases. Story generation involves
building a coherent picture of the problem at hand. As such, it involves joining information
together, and working to construct a meaningful interpretation of the situation at hand. Lastly, the
process of evaluating the mental simulation that one has created (i.e., imagining how the situation
might unfold in my head) is also subject to similar biases. Naturalistic approaches do not appear to
make any specific attempts to incorporate the role of affect, but a range of research has explored
the impact of teams and groups on decision-making within naturalistic environments.
A recent article provides important information about exactly how specific biases actually affect
the different parts of the decision-making process. As noted throughout this review, reliance on
heuristics (that are suboptimal at the time) represents the heart of human decision-making biases.
Shah and Oppenheimer (2008) argue that although heuristics are commonly argued to lead to a
range of biases, as research and theory have developed, this research has not necessarily adequately
indicated exactly how heuristics actually simplify decision-making efforts. Although there are
many different “rules” for optimal rational decision-making, a common one is the weighted
additive rule. To use this rule, a decision maker must: “to consider all available cues, to retrieve
cue values accurately, to weight cues properly, to integrate information for each alternative, and to
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examine all alternatives (Shah and Oppenheimer, 2008, p. 219). If all of these steps cannot be
completed, accounting to strict analytic accounts, then an optimal decision cannot be made. These
types of processes, of course, have proven to be very onerous, so people have naturally adopted
simplifying heuristics to reduce the necessary levels of effort.
A paper by Shah and Oppenheimer (2008) specifically articulates several different ways in which
heuristics can be used, including
1) Examining fewer cues – This generally involves the decision maker focusing on the most
important cues or on the cues that best predict judgments (Shah and Oppenheimer, 2008).
2) Reducing the difficulty associated with retrieving and storing cue values – This process can
occur in two ways. First, the actual value of a cue can be disregarded and instead a
simplified version stored (e.g. greater than, equal to). Alternatively, the cues that are
accessed can be those that are easiest to retrieve (which are not necessarily the proper
values). This channel is a contributing factor to availability bias, representation bias,
anchoring & adjustment bias and affect bias (Shah and Oppenheimer, 2008).
3) Simplifying the weighing principles for cues – This involves not weighing each cue
according to its inherent importance; but instead according to something less effortful.
Most commonly, weighing each cue equally (i.e. taking the alternative with the highest
number of superior cues assumes all cues are equal).
4) Integrating less information across multiple attributes – This means that a full impression is
not considered for each alternative. Satisficing as well as the Fast and Frugal decisionmaking styles function through this channel. So does the anchoring and adjustment
heuristic, framing bias and statistical biases.
5) Examining fewer alternatives – For this channel, decision makers can (1) can reduce the
number of alternatives that are considered simultaneously (2) gradually reduce alternatives
being considered; or (3) reduce the number of alternatives considered from the beginning;
These channels are inherently involved in heuristic application – whether the decision maker is
conscious of it or not. Each of the channels could be the sole source of effort reduction or they
could be combined together within a single heuristic. Anchoring & adjustment also uses this
channel.
Table 49 shows the types of effort-reduction principles associated with some of the most common
heuristics and biases reviewed in this report.
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Table 49. Effort-reduction principles underlying heuristics (adapted from Shah &
Oppenheimer, 2008)
Heuristic

Examines
fewer
cues

Anchoring & adjustment (Tversky
& Kahneman, 1974)
Availability (Tversky &
Kahneman, 1974)
Representativeness (Tversky &
Kahneman, 1974)

Reduces
retrieving/storing
difficulty

Simplifies
weighting
principles

Integrates
less
information

Easy to access

Eliminates
alternatives



Easy to access





Easy to access



Satisficing (Simon, 1955; 1956;
1990)



Recognition Heuristic
(Gigerenzer & Goldstein, 1996)



Fast and Frugal Heuristic - Take
the Best (Gigerenzer et al., 1999)



Fast and Frugal Heuristic - Take
the Last (Gigerenzer et al., 1999)



Easy to access

Easy to access

Examines
fewer
alternatives









Paring down



Paring down

This table suggests that examining fewer cues influences a range of biases, including availability,
representativeness and fast and frugal heuristics. Heuristics that reduce efforts to retrieve and store
information underlie anchoring and adjustment biases, availability and representativeness biases.
Shortcuts that simplify the weighting processes that people use relate to satisficing processes and
reliance on recognition heuristics and fast and frugal usage. When making decisions using a
satisficing heuristic, for example, weighting could be less onerous if any information that is known
receives a higher weight than information that is not known.
Overall, Shah and Oppenheimer argue that at least some of the ambiguity and unnecessary overlap
in discussions about heuristics and biases would be mitigated “…if research explicitly focused on
how decision makers reduce efforts, then the similarities between theories would become apparent
and redundancy less prominent. In a sense, if researchers used a common language to discuss
heuristics, then the similarities and difference between theories would not be lost in translation as
they are today.” (p. 208). This approach would seem to make a great deal of sense to efforts to
understand decision-making biases. Unfortunately, most of the literature seems to focus on the
existence of heuristics and biases rather than on the processes by which they actually occur.

4.4

Integrating Decision-Making Approaches and Biases

Despite the range of both rational and intuitive decision-making approaches (both general and
military), there is a surprising lack of integration in the available literature. This is unfortunate, as
the range of varying concepts and processes make it most difficult to truly understand the critical
distinctions among the different approaches.
Given the range of different approaches to decision-making it seems important to attempt to
summarize some of the key features of each of these models. A summary of the decision-making
approaches is provided in Table 50.
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Table 50. Summary of decision-making approaches
Primary
application
context

Key processes

How do people make decisions?

Strengths / Weaknesses

Expected Utility
Theory

General

Deriving an expected utility
value (utility value of the
outcomes x respective
probabilities)

Calculation of pros and cons and
weighting of costs and benefits to
maximize perceived utility

Prospect Theory

General

Editing (involves framing) and
evaluation (requires probability
and subjective value)

MAUT

General

Comparison of attributes

Satisficing –
Process Theory
(Simon)
Canadian Forces
Operational
Planning Process
(CFOPP)

General

Intelligence, design and choice

Although people do try to maximize
utility, this is in a non-linear way, and is
relative rather than absolute. The weight
that they give to an outcome depends on
the relative desirability of events, not just
their probability
Calculate the weight and utility of each
option and combine
Hinges on stopping once adequate
rather than optimal solution is achieved

When options are clear and known and time is
available, analytic processes can be effective –
problem is that people do not necessarily make
decisions this way, and the situation does not
always allow them to
Better depiction of how people actually make
risky decisions (e.g. loss aversion) – but still
assumes that decisions are very time intensive
and systematic

Military

MDMP

Military

Initiation, orientation, COA
development, plan
development and plan review,
with the decision being
influenced by the COA, and it
influencing plan development
Receipt of mission, mission
analysis, COA (development,
analysis, comparison,
approval) and orders
production

Analytic
approaches
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Most helpful when required to select 1 option
from many
Better depiction of how people actually make
decisions

By working systematically through these
5 steps. Its description is most
consistent with the MAUT approach

Systematic and thorough process, but time is
likely to degrade decision quality – may not
parallel how people actually make decisions

By working systematically through these
7 steps. – by definition, it relies on the
MAUT approach

Systematic and thorough process, but time is
likely to degrade decision quality – may not
parallel how people actually make decisions
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Primary
application
context

Key processes

How do people make decisions?

Strengths / Weaknesses

Recognition
Primed DecisionMaking
Rasmussen

General

Feature matching, story building

General

Perception, cognition and action

Simple matching, diagnosing the
situation, and evaluate course of
action
Using signals (skill based), signs
(rule based) and symbols
(knowledge based)

Situation
Awareness

General

Perception, comprehension and
projection

Little description of how people
actually make decisions.

Recognitional
Planning Model

Military

Identify mission,
test/operationalize COA, wargame
COA, develop orders

After conceptualizing and testing
COA in wargaming, the plan that
satisfices first is the plan

More accurate depiction of what people actually
do – problem is that expertise is ideal, and the
theory derived from more simplistic settings
Captures simple unconscious behaviours as
well as more complex rule and knowledgebased behaviour – but, provides relatively little
description of the decision-making process
Focus on situation awareness which is very
important for the initial stages, but little
specification of how people actually make
decisions
Reported to be bolder, to improve optempo and
to allow more adaptability than MDMP – but the
COA may not be optimal

Planning under
time pressure
(PUT)

Military

Military

Unlike RPM, does not assume
commander will quickly recognize
solution, so more provision (and
requirement) for COA generation
Little description available

Specifically incorporates SA into the model,
depicts COA generation as a separate phase

Process model of
analysis and
decision
OODA loop

Military

8 steps (understand mission, SA,
concept COA, criteria for success,
plan, wargame, decide, mission
order/proactive DM)
Recognize problem, generate
strategies, analyze and assess
strategies, make the plan and
adapt as necessary
Observe, orient, decide and act

No specification of how decisions are
actually made other than that they
have broader influences (e.g.,
cultural heritage etc)

Fewell and Hazen
OODA

Military

Limited to orient and decide steps

Still influential in military circles. Emphasizes
importance of contextual factors
Infers that military processes are discrete
(stovepiping) and this is problematic – presents
a reactive process than that proactive one – but
overlooks some cognitive processes
Provision for both analytic and naturalistic DM,
considers role of personality and stressors

Naturalistic
approaches
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indicated. If the DM has relevant
experience, then NDM. If not,
analytic process may be necessary.
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Primary
application
context

Key processes

C-OODA

Military

CECA

Military

OODA loop expanded – Observe
(perceiving, feature matching),
Orient (comprehending,
projecting), Decide (recalling,
evaluating). The Act stage is
omitted
Critique, Explore, Compare, Adapt

Collegial Decisionmaking Model

Military

Naturalistic
approaches

How do people make decisions?

All actors develop SA and work to
develop models of causality and
belief structures. They share
these models to develop shared
understanding

Strengths / Weaknesses

Uses Endsley’s SA model and Klein’s RPD
model – provides a higher level of cognitive
granularity than the OODA loop model – but,
very complex
By forming mental models – requires
building a conceptual model that
would render the operational plan
untenable in some way. Gather
information to update the situation
model. Compare the 2 models and
adapt as necessary
Group decision-making emerged
from shared understanding, but this
process is not described in full

Provides a broader view of human cognition
(e.g., top down as well as bottom up), and
allows for proactive rather than reactive DM
Excludes consideration of the creative plan–
primary focus on orient and observe, but little
on “decide” and “act”
Created for Effects-based operations - Unique
in considering group/team decision-making –
relies on naturalistic processes

.
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As the decision-making literature has developed, there has been an uneasy tension between rational
choice accounts and intuitive accounts of human judgement and reasoning. Obviously, each of the
approaches/models reviewed depict a somewhat distinct process of decision-making, and each are
likely to be useful within distinct domains. It is clear that analytic and naturalistic approaches
present distinct ways of seeing human decision-making, and the important question for people
working in applied environments as often been whether analytic or naturalistic approaches are
“better”. Many researchers now acknowledge that decision-making should not be seen as discretely
analytic or discretely naturalistic. Psychology researchers have emphasized the importance of
considering the richness of the environment in which the decisions are made to understand how
people actually perform:
“…in settings where the relevance of simple probabilistic rules is made transparent,
subjects often reveal appropriate statistical intuitions (see, e.g., Tversky & Kahneman,
1986). However, in slightly richer contexts, where the applicability of the normative rules
is less immediately apparent, people tend to rely on intuitive heuristics that often produce
nonnormative judgments.” (Shafir and LeBoeuf, 2002, p. 494).
This suggests that how people actually make decisions depends on where they are situated when
required to do so.
One possible resolution, then, is to consider analytic and naturalistic decision-matching as more of
a continuum than an “all or nothing” proposition. Bryant (2003, p. 32) has argued that “…we can
perhaps see analytic and intuitive decision making not a competing classes of theories, but as
different kinds of decision making strategies.” He argues further that “Perhaps the key factor for
choosing between analytic and intuitive strategies…is whether one can accept a merely workable
solution or whether one requires an optimal solution” (p. 32). Figure 23 shows Bryant’s assertion
that perhaps the appropriate decision strategy in a given situation should be dependent on the
resources available within a situation.

Figure 23. Decision-making strategies (Bryant, 2003)
When situational resources are adequate and an optimal solution is sought, analytic decisionmaking may be the best strategy. However, when these resources are low, intuitive approaches
which aim at satisficing rather than optimizing may be the most appropriate. Bryant (2003, p. 33)
also suggests ways in which these two approaches could be merged in military contexts, arguing
that “…analytic strategies could be used in planning to generate high quality courses of action to
anticipated problems so that these courses of action can be rapidly selected and implemented by
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intuitive, recognition-based decision making during critical events.” Similarly, Grant (2009) also
defines several ways in which rational and naturalistic decision-making could be combined during
the planning process. Grant (2009, p. 4) notes that “RDM (rational decision-making) can be used to
produce a shortlist of options, with NDM (naturalistic decision-making) being used for the final
selection.” Klein (1998; as cited in Grant, 2009) mentions that this is an approach commonly taken
when selecting a house or car. Alternatively, naturalistic processes can be used to select one option,
which is then reviewed through a rational list of criteria to ensure that the pros and cons are being
systematically considered and that nothing is being overlooked.
In their review of many different decision-making processes (both military and non-military),
Guitouni, Wheaton and Wood (2006) do not argue that one model is best; stating instead that
military decision-making is a complex task that only multiple models (and explicitly not a single
model) can adequately address this process. “No single approach will meet all needs, rather each
model needs to be are fully considered as providing an understanding of one portion of the
Commander’s decision cycle” (p. 4). Rather than working to advance one decision-making
approach over another then, it might be more productive to work to understand the pros and cons of
each unique approach in varying contexts.
An important issue relates to whether rationalistic or naturalistic decision-making is optimal in
current military environments. Drawing heavily from Gary Klein’s Sources of Power, Burwell (2001)
discusses the differences between rational and naturalistic decision-making (NDM) and describes the
situations in which each is best applied, as well as comparing to the current environments that
military systems face. These situations are summarized in Table 51 (Burwell, 2001).
Table 51. Summary of rational and naturalistic decision-making approaches

Time pressure
Experience level
of decision makers
Environment
Goals
Complexity that
can be managed

Rational Decisionmaking
Low
Low

Naturalistic
Decision-making
High
High

Military
Environment
High
Low

Static
Easily defined
Primarily low

Dynamic
Ill-defined
Low or high

Dynamic
Ill-defined
Low or high

This analysis suggests that except for the experience level of the decision makers (see shaded area),
there is considerable congruence between the strengths of naturalistic decision-making and the
demands of the military domain. It is also interesting to note that as experience in these
environments improves (assuming one can become experienced in these dynamic, ill-defined
environments), NDM will provide an even better fit to the operating environments within which
modern militaries are currently required to perform.
One key dimension that is missing from Burwell’s (2001) analysis, however, is the complexity that
can be managed when making rational or naturalistic decisions. Within the rational domain,
relatively complex decisions can be facilitated, provided that all of the different elements are
known and their pros and cons can be accessed in some way. As noted throughout this review,
however, these conditions are not typically available in complex and fluid situations such as those
faced by the military. In contrast, naturalistic decision-making is predicated on the expectation that
the situations to be encountered are inherently likely to be complex. This suggests that the ability of
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naturalistic decision-making to manage complexity will, on average, be higher than is the case for
rationalistic decision-making.
An article in Military Review (200) explores decision-making in operational contexts, and Killion
(2000) argues for an integration of analytic and recognition primed approaches in military contexts.
Although this paper does not provide a full and elaboration description of the integrated model, it
provides a compelling account of how integrated decision-making could occur within military
environments, as shown in Figure 24.

Figure 24. Integrated decision-making in the military domain (Killian, 2000)
The figure on the left side posits an analytic process of generating courses of action and weighting
these in order to make the best choice. After this, however, more naturalistic processes are posited
to occur. The figure on the right side, however, shows the opposite decision process moving from
naturalistic to analytic techniques being used to choose and implement a course of action. Thinking
about decision-making as a continuum rather than as an “either/or” proposition seems to have
considerable merit in our view. There seem to be some situations in which rationalistic approaches
seem most helpful, and some in which naturalistic approaches are likely to be more robust.

4.5

Other Influences on Decision-Making and Biases

Two other sets of influences on decision-making and human biases are explored in this section.
The first set relates to individual differences (e.g., risk, emotions, expertise and personality factors),
and the second set relates to contextual factors (e.g., time pressure/stress, attention and the
presentation of information).
Although there are several individual differences that could influence decision-making, three
specific factors stand out prominently in the literature, namely risk, emotions, and expertise. In
addition, several personality dimensions are also considered.
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Risk A key factor that distinguishes how individuals make decisions involves risk. Risk is related
to four definitions: probability, possible loss, probability and magnitude of loss, and the degree of
variability with potential outcomes (Mandel, 2007). Risk is considered a part of a decision when
the possible outcomes are known and each risk is associated with a specific probability (Hansson,
1994). For example, a soldier must decide whether or not to shoot a local approaching the CF base.
The soldier knows that the outcomes for his decision include receiving negative media attention,
receiving positive media attention, saving the base, blowing up the base. Each outcome is also
associated with a probability of a specific outcome (either positive or negative) which combine to
determine the riskiness of a given decision.
Mellers, Schwartz and Cooke (1998) argue that risk has typically been understood from 2
perspectives, risk perceptions and risk attitudes. Risk perception is a subjective assessment of the
probability of a specific event happening and how concerned the perceiver is about the
consequences of such an event (Sjoberg, Moen, & Rundmo, 2004). Risk perceptions are simply the
degree of risk that we identify in the things and people in our environments. Mellers et al. (1998)
explains that people who are less familiar or have less trust in the situation, will perceive a greater
degree of risk, than experts or people who trust the situation. Also, risk is perceived as greater
when the potential consequences of the risk involve loss (i.e., loss aversion; Section 3.11.3). In
general, however, it is clear that people naturally differ in their perceptions of risk, and that this
individual difference will drive how people make decisions.
According to Mellers et al. (1998), risk attitudes are shown through risk preferences. We can be
risk-seeking (e.g., gambling) or have risk-aversion (e.g., picking a sure thing). There is also good
evidence that our risk preferences are somewhat stable and consistent across domains (Weber &
Milliman, 1997; as cited in Mellers et al., 1998). Thus, the way in which we perceive risk can
impact our attitudes regarding risk, and ultimately, our decision-making and behaviour.
Risk preferences are also linked to outcomes. March (1996; as cited in Millers et al., 1998) found that
when participants experience a number of trials, they favour less risk for positive outcomes and more
risk for negative outcomes. Similarly, Fischhoff et al. (1978; as cited in Slovic, Peters, Finucane &
MacGregor, 2005) found that although in reality, risks and benefits are positively correlated, we tend
to think the opposite. For example, if we see the benefit as high, we view the risk as low and when the
benefit is low, we see the risk as high. Moreover, when we feel positively about an action, we tend to
see the risk as low and the benefit as high and vice versa when we feel negatively about an action.
The next section will consider the impact emotions have on decision-making.
Emotion As previously mentioned in the affect heuristic section, our emotions can guide our
decision-making. For instance, when we experience positive affect (e.g., happiness), we are more
likely to be show risk-aversive behaviours (Isen & Geva, 1987; Isen et al., 1988; as cited in Elliot,
2005). However, when happy, we are also more creative when problem solving (Isen, 1993; as
cited in Mellers et al., 1998). However, when we experience negative affect (e.g., anger, sadness,
fear), we perceive more risks and negative events, judge our life satisfaction to be lower (e.g.,
Johnson & Tversky, 1983; Schwarz & Clore, 1983; as cited in Elliot, 2005) and show less option
generation (Fiedler, 1998; as cited in Mellers et al., 1998). There is evidence in the literature that
specific emotions also have distinct impact on risk perceptions. For example, anger has been shown
to promote more optimism in making risk judgements, whereas fear promotes less optimism
(Lerner & Keltner, 2000). This finding is interesting because even though these two emotions are
both negatively valenced, they have differing impacts on decision-making.
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Mellers, Schwartz and Cooke (1998) argue that emotion influences decision makers both before
and after decisions. After a decision has been made, people’s emotions are more intense when the
outcome of a decision is a surprise, rather than expected. For example, surprise wins are more
gratifying, while surprise losses are more upsetting. There have been inconsistent results in the
literature regarding regret after decisions. Although people regret actions more than non-actions in
the short term, long term regret is argued by some to be greater with inactions (e.g., Gilovich &
Medvec, 1994; 1995; as cited in Mellers et al., 1998), but argued by other to be greater with actions
(Kahneman, 1995; as cited in Mellers et al., 1998). Regardless of the outcome, emotion has been
shown to impact decision-making.
Expertise One of key individual differences influencing decision-making relates to an individual’s
level of expertise. According to Elliot (2005), expertise has commonly been defined as experience
in the literature. Glaser and Chi (1988; as cited in Elliot, 2005) have found the following themes
associated with experts:
•
•
•
•
•
•
•
•

“Expertise is domain specific
Experts see patterns
Experts are faster and make fewer errors
Experts have superior memory in their domain (environmental cues are an aid to recall)
Experts see and represent a problem at a deeper level
Experts spend more time trying to understand a problem but have a more efficient path to
solving it
Experts have strong self-monitoring skills
Experts have refined perceptual abilities” (as cited in Elliot, 2005, p. 20).

This is inline with findings by Lipshitz and Ben-Shaul (1997) who found experts retrieve more
information, have a more efficient information search, more accurately read a situation, make fewer
poor decisions, communicate more frequently and consider other people’s views more than novices.
Further, research reviewed by Famewo et al (2007) showed that experts deal with uncertainty and
inconsistent information differently than novices. When making decisions, experts employ a number
of techniques that give them the advantage over non-experts, as shown in Table 52.
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Table 52. Expert techniques providing decision-making advantages (as cited in
Elliot, 2005)
Techniques &
Strategies

Description

Reference

Attend to relevant
information

Over time, experts learn which cues to attend to
and which to ignore

George et al. (1996)

Chunking

Experts can see the entire situation and
categorize the information into useful chunks

Means et al. (1993)

Expert knowledge
base

Expert knowledge base is bigger and organized
into inferences and principles

Chi & Glaser (1981)

Pattern matching

Patterns are recognised, based on memories of
past events

Simon & Gilmartin (1973);
Chi, Hutchinson & Robin
(1988)

Problem solving
method

Experts use “bottom up” reasoning processes
rather than “top down” reasoning processes

Chi & Glaser (1981); Mullin
(1989)

Mental simulation

Experts use mental simulation to examine
options at a deeper level, considering risks and
advantages

Elliot (2005)

The notion that experts are more adept at decision-making, of course, is a critical assumption of
naturalistic decision-making approaches.
Specific to statistical biases, Nisbett et al. (1983) noted that experts are generally more aware of the
true distribution of events, as well as being more aware of chance factors that affect the events in
areas related to their expertise. Thus, they have better statistical reasoning than novices. Studies by
Nisbett et al., (1983) showed a significant positive correlation between scholastic aptitude test
(SAT) results and the quality of applied statistical reasoning. However, the literature is also clear
that simple cognitive ability alone will not mitigate decision-making biases.
It is important to note that expertise can have positive impacts on decision-making from both the
rational/analytic perspective and from naturalistic perspectives. From the analytic perspective,
expertise could impact positively if it provides people with better ability to gauge probabilities and
consequences of specific events. A world famous surgeon, for example, may be more capable of
deciding whether to attempt a risky life-saving intervention because of the accumulated expertise in
other situations. Similarly, expertise is also critical from the intuitive perspective, as it relies on the
ability to match the attributes of one’s current situation to a known situation (e.g., pattern
matching). Unfortunately, there is also good evidence that expert decision-making is not always
ideal. Shafir and Leboeuf (2002) suggest that similar to nonexperts, experts do not always follow
rational decision-making strategies. In fact, Dawes et al. (1999; as cited in Shafir & Leboeuf, 2002)
argue that actuarial decision-making is superior to expert decision-making because experts have
been shown to use hindsight bias (Arkes et al., 1981; as cited in Shafir & Leboeuf, 2002) and
overconfidence (Faust et al., 1988; as cited in Shafir & Leboeuf, 2002). Thus, experts seem to do
decision-making differently than non-experts, but this is not to say that their performance is
necessarily always better.
Personality Factors Other factors, such as personality and cognitive style have been found in the
literature to impact decision-making.
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According to Bruyn Martin, Bandali and Lamoureux (2005), the literature suggests that a person’s
personality plays a role in their decision-making. For instance, people show a flexible decisionmaking style when they have a high internal locus of control (i.e., believe they are in control of
situations), have high self esteem, and are more agreeable and conscientious (Nygren & White,
2005; as cited in Bruyn Martin et al., 2005). Similarly, innovative people are less likely to use a
rational, dependent, avoidant or spontaneous decision-making strategy, but more likely to use an
intuitive decision-making style (Scott & Bruce, 1995; Thunholm, 2004; as cited in Bruyn Martin et
al., 2005). Hough and Ogilvie (2005) found that people who rely on their feelings to make
decisions, rather than their intuition, are drawn to socially acceptable decisions (as cited in Bruyn
Martin et al., 2005). Moreover, people who rely on their intuition show more risk-seeking,
impulsivity and believe in luck more than analytical decision makers. Korhonen, Mano, Stenfors,
& Wallenius (2008) found that when given optimistic suggestions for a decision, people tend to
change their original decision to match the optimistic choice. Thus, optimistic people may make
more optimistic decisions than pessimistic people.
Cognitive styles, such as a need for cognition, need for structure and fear of invalidity, have also
been shown to impact decision-making. For example, a high need for cognition is associated with
an analytical decision-making strategy (Nygren & White, 2002; Blais, Thompson & Baranski,
2005; as cited in Bruyn Martin et al., 2005), a high need for structure is associated with an intuitive
decision-making style, and a fear of invalidity is associated with avoidant decision-making style
(Bruyn Martin et al., 2005). Moreover, a high need of cognition is related to corrective reasoning,
such that a high need for cognition promotes decision makers to correct their judgements when
required (Kahneman, 2003). In addition, factors such as time pressure, concurrent involvement in a
different cognitive task, performing the task in the evening for morning people and in the morning
for evening people, and being in a good mood can all prevent corrective reasoning.
Other research has identified several different types of decision makers. The NATO Code of Best
Practice (1999; as cited in Fewell & Hazen, 2005) has categorized military decision makers into 4
types:
•
•
•
•

Routinists – follow the doctrine, but lack underlying rationale; lack experience
Analysers – synchronizing units, but focus on control; small-world experience
Synthesisers – realistic predictions; real-world experience
Creators – successful innovation.

Routinists will make a decision based solely on the rules, rather than using their past experience as
a guide. Presumably, this would make them particularly susceptible to availability and
representativeness biases depending on how well the context encountered by the decision makers
mapped to doctrinal scenarios. Their attempts to follow doctrine would also be dependent on how
detailed doctrine is and their interpretations of the doctrine. Analysers tend to get bogged down in
their decision-making, which leads to fragile plans open to enemy action. These decision makers
may use their small world experience ineffectively, believing that previous decisions were more
effective than they actually were (hindsight bias) or incorrectly linking events together that are
easily available in memory or representative (availability and representativeness bias). They also
may be anchored on previous decision patterns, thus exhibiting anchoring and adjustment biases.
While making a decision, Synthesisers plan for potential problems and see opportunities in the
future. While their experience makes them effective decision makers, it also makes them
susceptible to overconfidence biases as well as hindsight bias. Creators are innovators who are also
very decisive when making decisions. They are particularly vulnerable to overconfidence, affect
biases. All of these types of decision makers are also receptive to social biases, statistical biases
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and affect biases. In summary, these four types of decision makers use strategies that vary person
to person, but no decision maker is free of any biases. These categories allow us to predict what
choices will be considered by military personnel and promote training to teach the decision maker
to be in the ideal category (e.g., Synthesiser, Creator). In our opinion, this typology is a convenient
way to identify broad patterns of decision-maker styles. However, such categorization is also
limited because excellent decision makers are likely to adapt their stance and style to the demands
of the situation rather than perpetually using the same approach.
Given the role of individual differences in decision-making, it is important to consider whether
individual differences also influence human biases. Some attention has been devoted to
understanding potential differences in how different kinds of people make decisions.
Unfortunately, research specifically targeting the role of individual differences in decision-making
biases and errors area of research seems particularly underdeveloped. A number of researchers
have noted a lack of a focus on individual differences in bias application. For example, Arnott
(2002, p. 11) argues that “the role of intelligence and individual differences in decision bias
research has been largely ignored, as have the effects of visceral or “hot” factors on decisionmaking” (Lowenstein, 1996; as cited in Arnott, 2002)”. However, more recently “an increased
focus on individual differences has been a notable feature of behavioral decision research over the
past decade.” (Weber et al., 2009, p. 55).
However, there is some relevant research. For example, research by Stanovich and West (1998)
explored the role of individual differences in the use of systematic biases and errors. They were
interested in understanding whether some people might be inherently more likely than others to use
heuristics and biases. They posited that several individual differences (e.g., cognitive capacity and
thinking dispositions) could underlie differences in reliance on heuristics and biases. They argue
that thinking dispositions (e.g., beliefs) tend to be more malleable, whereas cognitive capacities
(e.g., intelligence) are resistant to change and can only be improved through long-term practice. To
better understand the impact of individual differences, Stanovich and West examined the use of
heuristics and biases during reasoning tasks. The pattern and type (i.e., positive or negative) of
significant correlations among biases and several individual differences are noted in Table 53.
Table 53. Correlations between biases, cognitive ability and thinking dispositions
Biases
If-only Bias
(Simulation
Heuristic)
Outcome Bias
Base Rate Fallacy
Overconfidence
Hindsight Bias
False Consensus
Effect

Cognitive
ability
Negative

Openminded
Negative

Counterfactual
thinking
Negative

Absolutism

Dogmatism

Positive

Positive

Paranormal
beliefs
Positive

Negative
Negative
Negative
Negative
None

Negative
NA
None
None
None

Negative
NA
None
None
None

Positive
NA
None
None
None

Positive
NA
None
None
None

Positive
NA
None
None
None

As shown in the leftmost column of the above table, Stanovich and West (1998) found that people
with lower cognitive abilities (i.e., low Scholastic Aptitude Test scores) showed higher rates of
using the simulation heuristic, outcome bias, base rate fallacy, overconfidence, and hindsight bias.
People who are more open-minded and engage in more counterfactual thinking reported less use of
the simulation heuristic and outcome bias. Similarly, people who are more likely to hold
unchangeable values (absolutism), assert their opinions as correct (dogmatic), and believe in luck
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and astrology (paranormal beliefs) are more reliant on the simulation heuristic and outcome bias.
Stanovich and West’s research also showed that not every person displayed common biases. This
suggests that people naturally vary in cognitive abilities and thinking dispositions, as well as in
their susceptibility to biases. However, it is important to note that this research is the only available
work directly exploring the relationship between individual differences and cognitive biases. As
such, the patterns described in this research should be subject to further validation.
A number of contextual factors that affect decision-making are discussed in the literature.
Time Pressure and Stress - Time pressure and stress are two context related factors identified as
impacting on biases. Perrin et al (2001; as cited in Famewo et al., 2007) increased the number of
aircraft, display clutter and number of communications to be monitored by U.S. Navy personnel
during a threat assessment task. It was found that participants decreased the amount of information
processed during the high demand tasks leading to a decrease in recalled information. Since these
factors have been shown to reduce effective decision-making, it is logical that reducing time
pressure and stress should improve decision-making.
Some research suggests that when experts follow naturalistic rather than analytic decision-making
process during times of high stress they have better results. Wohl (1981; cited in Pliske & Klein,
2003) studied Navy command and control and found that even though personnel were required to
work under time pressure, they were still able to make effective decisions. Even when people did
not have the luxury of time to deliberate over all possible options, they were able to use their
experience to act quickly and appropriately. In this sense, naturalistic or intuitive models of
decision-making have a great deal of value in explaining decision-making within military contexts.
Since time pressure and stress are integral parts of military decision-making, planning for these
characteristics to be eliminated is not feasible.
Dangerous situations can lead to decision-making problems. Even if the decision maker has the
proper knowledge, stress can lead to “irrationality” (Grant, 2009, p. 5). Drill training is used to
counteract this. “Drills are a combination of rational, trained actions with naturalistic, rule based
recall of the drill in a stressful situation. Examples include pilot’s drills for reacting to engine
failure on take-off and soldiers drills for finding safety when under enemy fire” (Grant, 2009, p. 5).
Attention - Attention has also been raised as a major factor in decision-making. Specifically,
studies have shown that “attention accounts for a large proportion of response variance in decisions
from description” (Weber & Johnson, 2009, p. 56). In these ‘description’ circumstances, the
decision maker is provided with all the relevant information in numerical and graphical formats
and they choose which pieces of information they wish to use. How decision makers direct their
attention is important throughout the entire decision-making process.
There are numerous ways that attention can be directed. Some involve external influences others
come from internal sources. External sources include movement or visual change (i.e. orienting
responses), task characteristics and processes. Goals are the primary influence on both attention and
affect (Weber & Johnson, 2009). Further, “we now know how, and increasingly why, characteristics
of choice options and task guide attention, and how internal memory or external information search
and option comparison affect choice in path-dependent ways. This not only explains apparent
inconsistencies in choice, but also provides insights and recipes for decision aiding and interventions,
including the design of decision environments that nudge people to construct their preferences in
ways they will not regret after the fact…” (Weber & Johnson, 2009, p. 55).
Selective attention is relevant at the very basic levels of perceptual identification (Lachter et al.,
2004), but it also operates at higher cognitive levels, including the initial perception of the situation
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and assessment of the task at hand (framing, goal elicitation), evidence accumulation (which can be
external or internal, and usually is a combination of the two) and judgment or choice (determining
cutoffs or decision rules).” (Weber & Johnson, 2009, p. 56). It is significant, then, that systems
designers ensure decision makers are drawn to appropriate information at the appropriate times.
Presentation of Information – How information is presented is another influence on how
decisions are made. Studies looking at the role that the order that information is presented in has on
criminal proceedings have shown this clearly. When the prosecution presented information first,
participants were more likely to find the defendant guilty compared to when the defence presented
first (Tetlock and Kim, 1987). This is when the exact same information was presented. Further,
when participants were first told that they were going to have to justify their decisions (before
either side presented their case) this effect disappeared; however, if told after both cases were
presented the effect remained (Tetlock and Kim, 1987). These effects suggest that a possible
solution is to create systems that remind decision makers of their accountability and their need to
defend subsequent decisions prior to presenting any information to them. As noted in the
accountability section earlier, increasing operator accountability has been shown to reduce other
biases as well, but do not entirely eliminate them (Dror & Fraser-Mackenzie, 2008).
Overall, then, there are a number of individual differences and contextual factors that impact on
both decision-making process, and on the expression of human biases. Although there are some
factors that mitigate bias to some extent, information about these factors does not provide any
alleviation from the fact that human psychology is inherently and systematically biased.
The next chapter examines potential solutions and/or approaches to mitigate human decisionmaking biases.
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5

Mitigating Human Decision-Making Biases
and Errors

This chapter provides a general overview of possible ways to mitigate human decision-making
biases and errors, including those more focused on the decision-maker versus those more focused
on restructuring the decision or task. Some approaches have focused on helping people to avoid
these biases through increased awareness, training, and feedback. Similarly, technological solutions
(e.g., decision support systems) have also been studied as part of efforts to support human decisionmaking. Each of these approaches is described in more detail in the sections that follow.

5.1

Introduction to Mitigating Biases

Given their pervasiveness and the potential for negative impacts on decision-making, it is perhaps
not surprising that a considerable amount of effort has been directed at eliminating and/or
ameliorating the negative effects of human decision-making biases.
Fischhoff (1982; as cited in Arnott, 2002) is generally recognized as the researcher who has done
the most systematic exploration of how to mitigate human decision-making errors and biases. He is
credited with coining the term “debiasing”. The literature suggests that human decision-making
errors and biases can be mitigated in any number of ways. One logical approach toward debiasing
stemming from the field of medical diagnosis (Keren, 1990; as cited in Arnott, 2002) argues that
reducing biases will require the following three activities, as follows:
1) Identify biases. This includes “understanding the environment of the bias and the cognitive
triggers of the bias” (p. 11, Arnott, 2002)
2) Determine means of eliminating the bias
3) Evaluate the effectiveness of the debiasing method used, ensuring that both positive and
negative side effects are taken into account
Clearly, identifying which bias is impacting on decision-making is the first step. This may be more
challenging than it would seem. As we have argued in previous chapters, there is considerable
overlap among the different human decision-making biases, and the interpretation of which bias is
impacting depends on very subtle issues of interpretation or perspective. Nonetheless, identification
of the most crucial biases impacting in a given situation is critical.
Second, once the bias is identified, determining the means of eliminating the bias is the next step.
This chapter is aimed at reviewing the literature relevant to this issue, in order to help show the best
way to mitigate human decision-making biases.
Lastly, this research also argues that the last step requires evaluating the effectiveness of the
debiasing technique used. Our review of the literature suggests that this is a crucial step, in part,
because attempting to eliminate one bias may inadvertently give rise to another. However, the
literature does suggest that even well targeted debiasing efforts will not necessarily be successful, ,
and that the impact of these efforts may be somewhat difficult to quantify in some cases. This
suggests that deliberate and systematic attention assessing the impact of debiasing efforts is critical.
Fischhoff categorized biases as stemming from a range of possible sources. Specifically, he argued
that biases occur because of faulty decision makers, faulty tasks, or mismatches between the two.
Humansystems®

Human Decision-Making Biases

Page 113

This means that some bad decisions and errors are the product of the task itself being faulty in
some way, either unfair or not easily understood by the decision maker. The literature shows a
distinction between characteristics of the decision maker and characteristics of the task that can
promote decision-making biases and errors and these distinction are explored in the next sections.

5.2

Reducing Biases Via the Decision Maker

When the decision maker is not aware of the operation of a bias, a range of procedures and
techniques are evident in the literature as potential means by which to reduce biases and errors.
When focusing solely on decision makers, Fischhoff (cited in Arnott, 2002) argued that there were
2 main types of problems, including:
•

Application Errors – These occur people are competent, but fail at the decision. Solutions
to these errors focus on improving the decision maker’s understanding of the decision task
and potential biases as well as decision rules. These situations arise from a mismatch
between decision makers and the task.

•

Comprehension Errors – These occur when people are not competent. These types of errors
are more complicated to negate.

When the decision maker’s limitations or shortcomings are responsible for the problem, however,
Arnott (2002, p. 13) describes the Fischhoff approach to mitigating biases that are a product of the
individual as an escalating set of steps, as shown in Table 54.
Table 54. Debiasing the individual
Step

Details

Warning

This requires warning the decision maker about the potential for
biases, but without explicitly describing them.

Describe bias

This description should include the direction of the bias (i.e., whether
positive or negative influence) and its magnitude

Provide feedback

This should make descriptions and warnings about the bias
personal, as well as indicating the impact of the bias on the target
task.

Provide training

This involves coaching, feedback or other interventions aimed at
lessening the negative impacts of the bias.

As a whole, then, warning and describing biases to decision makers and providing feedback and
training are the methods that appear to be the most common approach to mitigating human biases.
A report noted in the literature is worth discussing first, however, as it discusses a generic strategy
intended to reduce bias by way of changing decision makers. Bazerman (2002; as cited in Arnott,
2002) outlines a generic debiasing strategy that relies on a three-step process including unfreezing,
moving and refreezing. Unfreezing involves making the decision maker aware of the need for
change and motivated to enact this change in their decision-making processes. Unfreezing is a
critical first step toward debiasing, and it requires that the decision maker has reached some
threshold of frustration and realizes that change needs to occur. This step, Bazerman argues, is
difficult for decision makers to reach for 3 reasons:
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1. Information that questions their cognitive abilities is difficult to accept. Hence, people are
often inclined to overlook the fact that their decision-making is suboptimal
2. People have often been rewarded for their past decision-making processes, whether flawed
or not.
3. Maintaining cognitive balancing is important, and debiasing can be a threat to that
equilibrium.
Once unfreezing occurs, however, “moving” toward better decision-making can then occur. This
involves the decision maker learning how to change his process of decision-making. This involves
3 steps, including:
1. Information about decision biases
2. Explanation about causes of decision bias
3. Reassurance about biases as a potential threat to self-esteem.
In this process, the goal of debiasing techniques is simply to make a good decision maker more
effective. As such, the decision maker needs to understand that biases are a normal part of
decision-making. At the final stage, these changes have to be refrozen into the individual in order
to ensure some form of permanence. This final stage is often over looked, which may be the cause
of many decision failures. This strategy for supporting decision makers is an interesting one, and it
provides one of the few discussions noted in the literature about the psychological impact of
decision makers realizing that their decision processes are inherently flawed. The notion that
people need to be supported in “unfreezing” from their established ways of doing thinking before
they can move to being better decision makers is an important one which is worthy of more
research and consideration.
Building on Bazerman’s unfreeze/move/refreeze paradigm, Arnott (2002) also offers some specific
recommendations for reducing biases. Arnott argues that when decision makers search out new
ways of making decisions, they are sometimes in the midst of the unfreeze process. To complete
the unfreeze stage, Arnott suggests a number of approaches, including:
•

Encourage the decision maker to articulate their knowledge about the decision

•

The decision maker should search for contradictory information

•

Offer the decision maker ways to breakdown the problem into subparts to make
systems analysis techniques

•

Help the decision maker think ‘outside the box’ for other situations and consider their
similarity and possible application in the current scenario

•

Reformulate the problem from a divergent perspective (e.g. convert a production
problem to a marketing problem, etc.)

The literature also provides general discussion about how people can work to mitigate biases. Plous
(1993) makes specific recommendations on how to avoid statistical and representative biases
through improved statistical reasoning. Kunda (1999) argues that, in general, humans have the
skills and abilities to overcome the representative bias. By learning to properly rely on the
statistical heuristics that we already use, we can learn to reduce our incorrect reliance on the
representative heuristic. Indeed, there is some evidence in the psychological literature that people
motivated to avoid representative bias are able to do so. Representativeness biases have been
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shown to be prominent in perceptions about other people. For example, simply knowing that an
unfamiliar person is a member of a known group can give rise to a range of beliefs and
expectations about that person. This could take the form of negative racial stereotypes.
Optimistically, however, research has shown that people motivated to perceive other people in nonprejudicial ways are able to resist applying social stereotypes to unfamiliar others (Kunda, 1999).
This suggests that motivation can mitigate some representativeness biases.
In the sections that follow, we explore more specific debiasing techniques that focus on the
decision maker.
5.2.1

Warnings/Description/Awareness

Fischhoff’s initial debiasing research included the promotion of bias awareness; that is, warning
decision makers about the potential for biases in attempts to increase their awareness of the
direction of biases. This research seemed to be based on the assumption that simple awareness of
biases would be effective at reducing their negative effects. Results of studies looking at bias
awareness have had somewhat mixed results. Some studies have shown limited reductions in biases
through training and promotion of increased awareness (i.e., noting some success mitigating
statistical biases; Nisbett et al., 1982). However, the majority of studies (Lehner et al., 1997; Ward,
2000, Woocher, 2008) suggest that simply attempting to increase decision makers’ awareness is not
enough to eliminate the effects of biases. This includes situations where decision makers are made
aware about biases and when their effects are clearly detailed (Koriat, et al., 1980).
As noted, however, there is some evidence that warnings may help to mitigate statistical biases.
Nisbett’s research (1983) showed that simply drawing awareness to the randomness of events
improved statistical reasoning. For example, mentioning that something was chosen by dropping a
pencil and then accepting where the pencil landed as the selection increased the proper statistical
analyses of the effects of that selection. Studies have shown that objective events are more
amenable than subjective events to accurate statistical estimation. The opaqueness of chance and
sampling are hypothesized to be contributing factors to this effect.
There is also some evidence that explicit warnings or encouragement to simply work harder may
not be effective in mitigating hindsight biases. Slovic & Fischhoff (1977; as cited in Koriat, 1980)
studied ways to reduce hindsight bias. This research showed that more passive approaches to
reducing hindsight biases were not effective. Specifically, they argue that “hindsight bias was not
reduced by mere exhortation to work harder or even explicit warning about its possible presence.”
As a whole, then, attempts to raise awareness about biases have not been shown to be consistently
effective.
5.2.2

Feedback

Another potential way to mitigate human decision-making errors and biases is to ensure that
decision makers receive accurate and timely feedback during the decision-making process. In
general, research seems to show that feedback can have some positive effects. For example, a
number of studies related to overconfidence bias have shown that through intense training
involving response feedback, decision makers are able to more accurately estimate the accuracy of
their decisions (Plous, 1993). However, in each of these studies, the improved confidence
calibration was rather limited and not generalizable outside of the exact activity studied. This
makes the use of feedback to improve confidence calibration in individuals less likely to be an
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effective strategy within a general domain.4
The resilience of anchoring and adjustment biases despite feedback is evident in research by
George, Duffy and Ahuja (2000) that used a decision support system to optimize human decisionmaking processes. They noted that because DSSs have control over the speed and amount of
information decision makers have to view, and have the ability to adjust and re-evaluate as
necessary, decision support systems might help to mitigate anchoring and adjustment biases. This
research explored whether anchoring and adjustment biases could be diminished by providing
people with online feedback about their choices. Specifically, a computer program was designed to
simulate the process of buying a house. The program selectively presented a range of information,
and then required participants to make a number of decisions about how much they would pay to
purchase the house. As part of the house description, half of the participants received an anchor
that was 12% higher than the actual value of the house, and the other half received an anchor that
was 12% lower. In addition, about half of the participants received a warning if they attempted to
estimate the value of the house too close to their “anchor” value, and the other half received no
warnings.
Results showed the resilience of anchoring and adjustment biases, as participants showed the
anchoring biases, regardless of the direction of the initial anchor, and regardless of whether they
received warnings or not. Warnings did have some positive impact on participants choosing to
revise their estimates, but even these changes did not eliminate decision bias. This research is one
example of how resilient anchoring and adjustment biases are to change.
5.2.3

Incentives

Some common explanations for human decision-making biases are that people are simply not
attending properly when making decisions, and this can result in systematic errors. If this were
true, then simply increasing people’s motivation to attend better would help to mitigate biases. One
way to do this is through offering incentives or rewards for performance. According to this
argument, simply “raising the stakes” might encourage people to do a better job when making
decisions, and thereby reduce human decision-making biases.
There is some evidence that incentives can be effective at improving decision-making performance
on relatively simple tasks, such as clerical and memorization tasks (Larrick, 2004). On the other
hand, summaries of the incentive research generally seem to agree that incentives are not typically
effective at reducing decision biases in more complex situations (e.g., Hsee, Zhang and Junsong,
2004; cited in Larrick, 2004,). Offering people incentives may not be helpful because better
performance still remains dependent on them having compensatory strategies to make it better,
even when there are rewards for doing so.
4

Interestingly, one of the complications in the expression of the overconfidence bias is the role of depressive realism.
Specifically, clinically depressed people show more accurate judgments of their own skills and abilities while nondepressed people show more exaggerated competence or over-confidence. “On virtually every point on which normal
people show enhanced self-regard, illusions of control, and unrealistic visions of the future, depressed people fail to
show the same biases” (Taylor, 1989; as cited in Myers & Spencer, 2001, p 571). This is not to suggest that the solution
to overconfidence is to cause people to become clinically depressed; it is simply a reminder that eliminating overconfidence is complicated, and some consideration of decision makers’ well-being is required. Consistently informing
someone that they are wrong is not necessarily the optimal way to eliminate over-confidence biases.
Humansystems®

Human Decision-Making Biases

Page 117

However, Larrick (2004, p. 322) also argues that there are some reasons that the relative failure of
incentives to be effective in laboratory studies “may not reflect the true potential of incentives
outside the laboratory”. For incentives to have any hope of being effective, they must be truly
motivating to the individual, and this might not be the case in laboratory studies. Moreover, it may
be impossible for incentives to be effective in the short term, as acquiring better decision skills may
need to evolve other time.
5.2.4

Accountability

A wide range of research has been conduced on the impact of accountability on human thought and
behaviour. Accountability is defined as “…an explicit expectation that one will be called on upon
to justify one’s beliefs, feelings or actions to others” (Lerner & Tetlock, 2003, p. 7). There is good
evidence in the psychological literature that simply making people more accountable does
positively influence their performance in some areas. For example, perceived accountability to an
unknown audience before decisions are made has been shown to make people give more effort and
more critical attention to a decision (Lerner and Tetlock, 2003). Lerner and Tetlock summarize
research showing a range of positive effects when people feel accountable, as shown in Table 55.
Table 55. Effects of accountability (Lerner and Tetlock, 2003, p. 9-10)
Effect of accountability
Reduces overconfidence
More accurate assessment of covariation
Reduces conjunction errors
Reduces anchoring and adjustment effects
Improving weighting of “sunk costs” when
considering future investments

Research showing this effect
Lichtenstein, Fischhoff and Phillips, 1982
Weldon and Gargano, 1988
Simonson and Nye, 1992
Tversky and Kahneman, 1974
Brockner, Shaw and Rubin, 1979

As this table suggests, then, accountability does seem to have some positive effects on decisionmaking biases.
Other research also shows that when accountability leads to more careful thought, this can translate
into better decisions in some situations. For example, Lerner, Goldberg and Tetlock (1998; cited in
Lerner & Tetlock, 2003) showed that participants motivated to be accountable who read about a
fictional law case were more likely to focus on the facts rather than relying on their personal
feelings when making judgements. Making people accountable has also been shown to reduce the
fundamental attribution error (Tetlock, 1985; cited in Lerner & Tetlock, 2003), and order
presentation biases (e.g., Tetlock and Kim; cited in Lerner and Tetlock, 2003). However, although
there is some research showing the benefits of accountability, there is also evidence showing that
accountability does not promote better decisions in all circumstances. For example, the kind of
judgement task and the process that is actually undertaken seem to influence whether
accountability helps decision-making or not. If accountability is promoted before people make
decisions, it can make their thoughts more exploratory, and makes them more focused on making a
good decision. However, if accountability is heightened after people make decisions, they are
likely to become more committed to their decisions. This suggests that the relationship between
accountability and decision performance are not in a simple linear relationship. It should be
clarified that while increasing the motivation to be accurate (e.g., because one feels accountable)
has shown positive impact does not wholly eliminate biased responding.
Other studies have encouraged “working harder” at decision-making as another bias reduction
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strategy. Research suggests that this approach has not proven to be consistently successful either.
As summarized by Kunda (2002, p. 108) “Research has shown that careful thinking can sometimes
increase, sometimes decrease and sometimes have no effect on” the use of non-statistical heuristics.
This suggests that simply promoting more attentiveness through enhanced levels of motivation is
unlikely to have reliable and predictable effects on decision-making, but accountability has been
shown to have some positive impacts.
5.2.5

Training

One of the most obvious approaches to mitigating human decision-making errors and biases has
been to attempt to train decision makers to make better decisions. This is true both in terms of
humans making decisions without support, as well as in making decisions involving automation.
Parasuraman and Riley (1997), for example, have argued that training is required to assist operators
in recognizing and overcoming decision biases when interacting with automation.
There are potentially many different ways to train in order to mitigate biases. Some examples in the
literature including training focused on rules, such as the statistical rules that people should follow
to make optimal decisions.
There is some evidence that this form of training can be an effective way to reduce some forms of
bias. Formal statistics training has been shown to increase the application of proper statistical
reasoning (Nisbett et al., 1983). This training has involved focus on basic statistical principles (e.g.,
sample sizes) to more complex statistical techniques (e.g., regression to the mean). Training is
argued to be effective for several reasons. First, they suggest that formal statistical training
facilitates recognition of units and statistical parameters, helping people to be more adept at
identifying samples. It is also suggested that training increases the salience of chance factors and
introduces the concept of sampling. Finally, they suggest that formal training provides additional
rules that can be used and applied. The training should focus on refining pre-existing procedures
rather than just adding new procedures. Nisbett et al (1983) discuss a number of studies that
showed formal training to have promoted significant improvements in mitigating several statistical
biases, including failure to account for regression to the mean and base rate neglect.
Research has shown that calibration training is another way to mitigate biases. For example, just
one session of training with personalized feedback was as effective at reducing overconfidence as
was providing participants with extended practice (e.g., using a long series of trials). For example,
studies with weather forecasters have shown that those that undergone calibration training
specifically for overconfidence show superior performance (Fischhoff, 1982). How generalizable
these skills would be outside of the experiment or weather forecasting is unknown. Fischhoff
(1982) does note, however, that recalibrating in order to mitigate overconfidence is not typically
effective. Unfortunately, there is much variability in the degree of overconfidence and the
variability itself changes based on the task and the individual. Thus, simply reducing a confidence
interval (i.e. if the person is 100% confident, it means they will be 85% accurate) is not effective.
Studies have shown that when people are asked to predict best case, average case and worst case
scenarios for how long it will take them to accomplish something – their worst case scenario
timeline is often the most accurate (Yudkowsky, 2006).
Assessing probabilities can be a very important part of decision-making and problem solving.
Slovic, Fischhoff & Lichtenstein (1977) reported that the Decision Analysis Group at Stanford
University had suggested training several strategies that can help in the estimation process (Spetzel
& Stael von Holstein, 1975; as cited in Slovic et al., 1977, p. 18):
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(a) carefully structuring the problem with the client (ensuring they have a complete and
accurate understanding)
(b) minimizing biases that might affect the assessor
(c) using personal interviews rather than computer-interactive techniques with new clients, and
(d) using several different elicitation methods, both direct and indirect
Additionally Plous (1993) makes specific recommendations on how to improve statistical
reasoning (and also reduce representational bias at the same time) through a number of tips. The
first tip relates to recognizing that describing things or events with a high level of detail does not
increase their likelihood. In fact, the more specific a scenario is, the less likely it is to occur – no
matter how representative the example. This is the case “even when the scenario seems perfectly
representative of the most probably outcome” (Plous, 1993). This does go against our natural
tendency to assume that highly detailed accounts are more likely to be real, rather than the more
optimal strategy of using general statistics to judge probability. Decision makers must realize that
the overall frequency with which events typically occur (i.e., base rates) will often provide the best
estimate of how probable events are likely to be, especially for extremely rare and extremely
common events. Moreover, learning to take base rates into account should naturally lead to a
reduced reliance on representative bias. Additionally, one of the other decision errors that people
make involves assuming that random events “balance out”. Plous argues that “a run of bad luck
does not mean an equivalent run of good luck is bound to occur” during a chance process. In these
scenarios, past events have no effect on future events (Plous, 1993). Finally, regression toward the
mean (namely, that “extreme performance will tend to be followed by average performance”;
Plous, 1993, p. 1993) must be expected, and built into one’s estimates. While at first glance it may
appear that these final two tips counter each other, they are in fact both following the same rule –
that, in the majority of cases, average (rather that atypical) performance should be expected. This
remains true for independent and random events, no matter what may have previously occurred.
Note that when events are dependent on each other (i.e. the outcome of one event impacts future
events), these statistical principles will be harder to accurately apply.
Finally, Evans (1989; as cited in Arnott, 2002) implemented training software that also showed
positive effects in reducing statistical biases. Essentially, by providing a graphical image as
feedback to the decision maker, biases were reduced.
Training has also been shown to be an effective way to reduce groupthink biases. Staffs expected to
work collectively should undergo training in order to learn how to identify warning signs and to
follow methodological decision-making procedure aids. Both of these skills have been shown to
reduce the negative effects of groupthink. This training should focus on both individual and team
dynamics. The training should improve the group members’ critical analysis abilities, cognitive
thinking skills and increase their awareness of biases. From a group perspective, the goal is to
improve procedures and processes to improve information aggregation and analysis. Special
attention needs to be devoted to creating “group level accountability mechanisms” (Johnson, 2001,
p. 36) in order to ensure that individuals feel responsible for group decisions (i.e., to limit social
loafing behaviours).
Overall, then, training in using better decision rules has been shown to yield some positive benefits.
However, one limitation noted in the literature is that this training has not typically been fully
tested in complex environments using unfamiliar and abstract rules.
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Summary of Bias Reduction via the Decision Maker - Overall, this section suggests that a range
of debiasing strategies and approaches attempt to address biases from the perspective of the
individual decision maker. Unfortunately, the literature relevant to how specific biases can be
mitigated is still relatively underdeveloped, so information relevant to each bias was not available
in relation to each bias reduction technique. The available information does suggest that statistical
biases have been the target of the most research, and appear to be the most amenable bias to
mitigation through training. Warnings and descriptions of biases have failed to yield any consistent
positive effects, as have feedback. Training has been shown to be effective with some forms of
bias, but unfortunately, its effects have primarily been tested with relatively simple tasks.
Accountability has been shown to have positive effects by reducing biases and improving decision
quality, but these effects have often been shown to be more prominent when decision makers seem
themselves as accountable at the early stages of the decision-making process.

5.3

Reducing Biases Via the Decision Task

Another way to attempt to reduce human decision-making biases is through factors external to the
decision maker such as the decision task. Presumably, faulty tasks can be improved by changing
the task environment. This change can be performed by an entity external to the decision maker
(e.g. general circumstances or decision support system). Alternatively, in some cases, decision
makers can modify the structure of the task themselves.
5.3.1

Framing

How decision tasks or problems are framed can influence the decision processes that are enacted,
and the level of bias in these processes. The importance of time frames used to describe problems
is specifically mentioned as an influence on risk perceptions. For example, “people are more likely
to wear seatbelts if they are told that they have a one-third chance of a serious accident over a 50year driving lifetime of driving rather than if they are told that they face a 0.00001 chance each trip
(Slovic, Fischhoff and Lichtenstein, 1978; as cited in Kunreuther et al., 2002). Framing has also
been used effectively in highly salient visual demonstrations. For example, visual images on
cigarette packaging in Canada are more effective at reducing teenage smoking than focusing on the
conditional probabilities of incurring health problems.
Framing effects are also prominent when people are required to estimate probabilities. Whether
subjects are asked to estimate probabilities using a “fixed-value” format or “probability” format has
been shown to have an impact on overconfidence. In general, people using fixed-value formats
tend to be more accurate than people using probability formats. Fischhoff (1982) notes that making
exact quantitative assessments may not be part of everyday reasoning, noting that “degrees of
certainty are often used in everyday speech (as are references to temperature), but they are seldom
expressed numerically, nor is the opportunity to validate them often available… People’s inability
to assess appropriately a probability of 0.80 may be no more surprising then the difficulty they
might have in estimating brightness of candles or temperatures in degrees Fahrenheit” (Fischhoff et
al., 1977; as cited in Fischhoff, 1982, p 436). This suggests that one of the problems that people
might encounter, then, is that they are not accustomed to framing problems in precise ways. More
generally, how problems are actually framed can either promote or hinder decision-making
processes.
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5.3.2

Contradictory Thinking

Another approach that has shown positive results in reducing decision-making biases involves
restructuring the problem. Specifically, actively engaging people to examine alternative ways to think
about past events has been shown to be effective in reducing hindsight biases. Encouraging decision
makers to think divergently has been shown to reduce some biases. Previous research has shown
contradictory thinking to reduce the effect of hindsight bias (e.g., Slovic, Baruch & Fischhoff, 1977;
as cited in Plous, 1993). Hindsight bias was greatly reduced by having subjects write a short
statement regarding how they would have explained the occurrence of an event that did not happen
(Koriat et al., 1980). It appears that restructuring the problem in one’s mind (to include potentially
negative information) reduces the post facto inevitability of the actual occurrence.
The confirmation bias can lead people to only seek out confirmatory evidence. Research has also
shown that giving serious consideration to the possible reasons why a decision or hypothesis might
be wrong can reduce some forms of bias. A paper by Poole and Lamb (1998) for example, provides
specific suggestions for helping professional child psychologists to overcome biases when working
with their patients.
Finally, over-confidence biases have also been successfully reduced using this technique.
Encouraging decision makers to “Stop to consider reasons why your judgement might be wrong”
(Plous, 1993) is effective at reducing over-confidence biases. Through a series of experiments,
Koriat et al. (1980) determined that when participants were asked to write down contradictory
evidence, their confidence was more accurately calibrated. This was true when asked to include
either just contradictory evidence or provide both supporting and contradictory evidence. Having
decision makers write down only confirming evidence, on the other hand, had no effect on
reducing overconfidence. This may have occurred because “producing a supporting reason is
approximately what people normally do when asked to assess the likelihood that an answer is
correct” (Koriat et al., 1980, p. 114). These results argue that decision makers looking to improve
the accuracy of their knowledge should increase the amount of evidence they consider, and should
make special efforts to consider contradictory evidence. It appears that without specific instructions
to “consider why you might be wrong, people seem insufficiently critical or even intent on
justifying their initial answer” (Fischhoff, 1982, p. 438). Some have suggested that these findings
are a result of social demand (i.e. cueing subjects to decrease confidence through asking for
contradictory reasons); however, further additional studies confirmed that these effects were the
result of biases rather than demand characteristics (Plous, 1993). Overall, then, contradictory
thinking is one proven technique for mitigating at least some forms of bias.
5.3.3

Proper Documentation

Plous (1993) notes the importance of documenting the actual frequency of target events. Through
reviewing these records, more accurate estimates of their occurrence can be deduced. Of course,
this step is dependent on having the foresight to know which events need to be documented.
However, if done properly, proper documentation can reduce one’s reliance on the availability
heuristic (Plous, 1993).
Statistical biases can also be reduced through proper documentation. The ability to refer back to
documentation in order to understand the empirical basis for one’s decision can be very helpful.
Documenting known base rates, for example, can help prevent the blind acceptance of anecdotal
evidence about which aspects of problem to give attention to and which to ignore (Poole and
Lamb, 1998).
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Poole and Lamb (2008) also provide advice for child psychologists about reducing decision biases
through documentation. They stress the importance of proper documentation for both data
collection as well as analysis. Thorough documentation, as well as using structured interviews will
ensure that information will be used more effectively and contain fewer biases (Poole and Lamb,
2008). As well, Poole and Lamb (2008) recommend the maintenance of records and referring to
them often. This reduces reliance on memories about past circumstances and decisions
In the context of intelligence analysis, Kerstholt (2006) suggests some specific recommendations to
reduce confirmation biases involving the documenting of assumptions. Specifically, intelligence
analysts are very susceptible to confirmation biases because they are constantly attempting to make
sense of incomplete but extremely complex information. When they have pre-existing ideas or
hypotheses, these could undermine full and thorough consideration of new information that arrives.
A non-technological approach could require them to explicitly list the assumptions that are
involved in the hypothesis (Kerstholt, 2006). This, of course, is consistent to the Analysis of
Competing Hypotheses designed by Heuer (1999) described in Section 5.5.1. Madsen and Hicks
(2006) also looked at confirmation biases in the intelligence analysis process, focusing on the
potential use of externalization tools. An externalization tool provides a representation external to
the analyst that contains information for later review or internalization. There are many general
examples of externalization tools (e.g. basic list, pros and cons list, post-it notes) as well as
externalization tools created specifically for intelligence analysts (e.g. Analysts Notebook,
Sandbox). Though no experimentation was conducted, Madsen and Hicks (2006) hypothesized that
enhancements could be made to these tools to reduce confirmation bias. This report also explores
the complexity of measuring changes in confirmation bias as well as some possible approaches to
measuring it.
Finally, literature related to automation use also emphasizes the importance of proper
documentation. Policies and procedures can be used to draw attention to specific considerations
when operators are determining whether or not to use automation. This helps to reduce biases that
can lead to sub-optimal strategies (Parasuraman & Riley, 1997).
5.3.4

Decomposition of Complex Tasks or Judgments

In describing how to mitigate availability biases, Plous (1993) argues that when complex events are
made up of simpler independent events, it is best to evaluate the simple events and then combine
the results together (e.g. if events are conjunctive then multiple probabilities of the single events
together). It is important to note that if the events are dependent on each other, then this method
should not be applied (Plous, 1993). For estimating probabilities, Selvidge (1975; as cited in Slovic
et al., 1977) also promoted the importance of decomposition. They advise understanding and
breaking down the problem space, ranking the events that are unlikely, and then mapping
numerical values to those unlikely events by using reference events (Slovic et al.,, 1977). This has
been proven to be a reliable way to estimate events that have a low probability of occurrence.
Using technology for composition of complex tasks has also been used to help mitigate human
decision-making errors and biases. One of the helpful benefits of decision aids is that they promote
this ‘divide and conquer’ approach, which helps break down the total problem into a number of
related parts. By asking the decision maker to only look at the smallest components, cognitive
workload can be greatly reduced. Though research has shown these types of aids to improve
judgement, there are some criticisms of the approach. Critics note that if decision makers are asked
to consider aspects unfamiliar to them, this could unintentionally increase decision complexity.
Other decision aid approaches are considered ‘holistic’, as they do not require problem
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decomposition. These aids attempt to correct holistic judgements (Slovic et al., 1977).
Summary of Bias Reduction via Decision Task - Overall, then, the literature shows evidence of a
range of techniques for mitigating biases by altering some aspect of the decision task. Using
documentation and decomposing complex tasks have both been shown to reduce availability biases
and statistical biases. Promoting the use of contradictory thinking is perhaps the most effective
strategy noted in the literature, and it has been shown to reduce confirmation, hindsight and
overconfidence biases.

5.4

Reducing Group Biases

A good deal of thought and attention has also been devoted to understanding how to mitigate many
of the social biases that can occur when people are required to work together and to make decisions
together. Of all the social biases, groupthink is arguably the one that has received the most
attention. The groupthink bias was explored by Johnson (2001) specifically in the context of
tactical decision-making teams. These teams are composed of both leaders and group members,
with the people in each of these roles being responsible for distinct tasks. The actions of group
leaders (or commanders) can influence the probability of groupthink occurring. Three main factors
that could contribute to groupthink are 1) insufficient information search; 2) premature group
consensus; and 3) failure to examine all potential alternatives (p. 33, Johnson, 2001). A number of
recommendations were outlined for these different roles based on the three contributing factors.
Information Search - This tends to be the first part of any decision-making process. Leaders can
play an important role in directing what, and to what extent, information is searched. Leaders
should encourage all members to conduct a thorough search of all information available. Group
members also have an important role in mitigating the potential for groupthink during the
information search stage. In addition to their own personal information searches from electronic or
other sources, members should also seek private advice from outside associates. Information
gleaned from these external meetings, should be shared with the rest of the group members.
Promotion of Divergent Views - Brainstorming to develop potential alternatives has been shown
to be effective at reducing groupthink. To optimize group brainstorming processes, some simple
rules can greatly increase the number and quality of ideas generated. Specifically, quantity should
be emphasized over quality, every option should be documented, negativity should be avoided
during the brainstorming process, and the generated options should not be ‘owned’ by any one
person.
Ensuring that a group member plays the role of the “devil’s advocate” has also been shown to have
a positive impact (Johnson, 2001), in part, because this may reduce pressure to conform within the
group. This means that the inclusion of individuals exhibiting biases can be beneficial for group
discussions when handled appropriately. Specifically, the addition of these individuals can increase
the amount of information available (Famewo et al., 2007). Interestingly, this is similar to other
studies described above with a single decision maker which showed that including contradictory
evidence increases decision-making quality.
Having leaders who promote impartiality and openness to different ideas during group decisionmaking process is also important to avoiding groupthink behaviors. Leaders should refrain from
stating their opinion at the outset of the process, as studies show that doing so greatly decreases the
number of solutions considered. The leadership style used by the leader also plays a role in the group
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process. Specifically, directive5 or promotional6 leadership styles tend to reduce decision quality;
whereas an impartial leadership style is thought to be more beneficial. An important antecedent is for
a commander to understand the effects of his/her leadership style and personality on group
dynamics. Soliciting individuals for their opinion privately can also lead to decreased social biases.
For example, a LAC commander might request the opinion of the gunner regarding the identification
of a detected entity independently of asking the overhead pilot (Famewo et al., 2007).
A commander must balance the creation of a shared vision, with the critical analysis of that vision.
Of course, it is ideal that followers and group members show some acceptance of the leader’s vision.
However, uncritical over-acceptance of this vision can lead to information distortion or increasing
pressures of conformity, especially when the acceptance is blind. Under-acceptance can result in a
lack of staff motivation and reduced desire to achieve the shared goals. Ideally, acceptance is
obtained through a valid process of critical acceptance that remains open to other possibilities.
Examination of all Potential Alternatives - Ensuring that a thorough analysis of potential
alternatives has been considered is also suggested by Johnson (2001) to reduce groupthink. Part of
this process can involve bringing in “different outside experts…from time to time to challenge the
views of the core members” (Johnson, 2001, p. 32). This will hopefully lead to “an open climate of
giving and accepting criticism” (Johnson, 2001, p. 32) which should also be encouraged by group
leaders.
Group members should be critical evaluators through out the decision process as well as of the
course of action selected. “Staff must understand that even when the commander issues very
detailed planning guidance it does not reduce the need for critical, thorough analysis of information
and potential courses of action” (Johnson, 2001, p. 34). Group members should all be aware of the
warning signs of groupthink and speak up when those signs become apparent. This can be
accomplished through training.
Group Characteristics
Several characteristics of groups will also help to mitigate group decision-making biases. Groups
should ideally be set up so that:
•

Parallel groups under different leaders are looking at the same issue. This would help
to promote more diversity in perspectives.

•

Before a decision is made public, a follow-up meeting should be held to reconsider the
decision.

•

Special attention is paid during times of conflict, with extra focus placed on
“interpreting warning signals from rivals and to constructing alternative scenarios of
their intentions” (Johnson, 2001, p. 32).

When taken together, the above listed steps should greatly reduce groupthink biases. Groups have
also been suggested as a means to reduce availability biases. Plous (1993) notes the importance of
Directive leadership: Telling followers what needs to be done and giving appropriate guidance along the way. This
includes giving them schedules of specific work to be done at specific times
(http://changingminds.org/disciplines/leadership/styles/path_goal_leadership.htm; accessed on May 21, 2009).
5

6
Promotional leadership: Leaders who promote their own preferred solution and do not encourage group members to
express all possible viewpoints. (http://findarticles.com/p/articles/mi_qa3852/is_200101/ai_n8948657/?tag=content;col1;
accessed on May 21, 2009)
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involving third parties in the estimation process. This provides an independent evaluation of event
frequency. Moreover, given that reliance on the availability heuristic can be the product of either
expeditious processing and/or personal goals, involving a more “objective” person without such
constraints may help reduce the tendency to overestimate desirable events and underestimate
undesirable events (Plous, 1993).

5.5

A Broader View of Bias Mitigation

One particularly important issue addressed in the literature is the fact that efforts to mitigate biases
typically address them at a purely individual or small group level. Some researchers have argued
that:
“…the traditional study of individuals in isolation may underestimate the potential for
improving decision making. Even though lone individuals do not debias themselves, they
are surrounded by cultural mechanisms that compensate for their shortcomings.” (Larrick,
2004, p. 318).
This theme is explored in more detail in research by Heath, Larrick and Klayman, 1998). The
relative lack of success mitigating biases in individuals may be overly pessimistic, given Nisbett
and Ross’s famous quote “If we are so stupid, how did we get to the moon?”. One way to resolve
this discrepancy, Heath et al. argue, is to assume that even though individuals are subject to a range
of biases, organizations can develop and promote strategies that alleviate some of the biases that
individuals show. These strategies are called cognitive repairs, and they are argued to fall into two
different classes, including motivational repairs (improving the motivational to pursue a task) and
cognitive repairs (improving the mental procedures that people use to complete a task). One
obvious safeguard that organizations impose are “safety factors” that can, for example, work to
guard against overconfidence biases (Heath et al., 1998).
Heath et al. argue that to be effective, learners must develop causal hypotheses to explain their
world, to collect information about these, and to draw conclusions. At each of these stages, they
argue, individuals are subject to shortcoming, but organizations can develop strategies to overcome
these shortcomings, as shown in Table 56.
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Table 56. Bias mitigation at organizational level (adapted from Heath et al., 1998)
Stage

Individuals are prone to….

Developing causal
hypotheses Generate Ho that
are shallow rather
than deep

Search for self-serving explanations

Developing causal
hypotheses Generate Ho that
are narrow rather
than broad
Collecting
information
Collecting biased
samples of
information

Drawing
conclusions

Organizations can mitigate individual
shortcomings by…
Promoting questioning of apparent success in
order to understand the full process

Fundamental attribution error - focus
on people rather than on situations
Stop searching after generating one
hypothesis
Failing to consider a range of
alternatives

Reminding employees to consider causes other
than people
Workers at Toyota being trained to ask “Why?”
five times when generating hypotheses
Promote hiring of people with diverse
perspectives
Require people to generate hypotheses
independently rather than as a group

Collecting small samples of
information
Considering only available
information (availability bias)

Require individuals to collect larger samples

Collect only information congruent
with pre-existing theories
(confirmation bias)
Consider only part of the total
relevant information
Failing to correct for biases after
collecting biased information
Weighing vivid and extreme
information more heavily

Promote open-ended rather than closed-ended
questions

Use pre-existing theories when
interpreting evidence
Making overconfident and overly
optimistic conclusions

Promote consideration of both known and
unknown

Promote systematic use of a broad range of
information
Promote processes that identity potential biases
and sample more fully
Require individuals to deliberately classify
according to appropriate weight – promote proper
use of base rates
Promote resilience to preconceived ideas – force
interaction with others who think differently
Allow individuals to make these decisions, and
then adjust them at an organizational level – e.g.,
adding buffers to time estimates – interacting with
others

As a whole, then, this research provides an important counterpoint to the argument that human
decision-making is inherently flawed, and describes a range of ways in which organizations can
naturally promote better decision-making processes. Through both the use of heuristics (e.g., think
“why” five times), and by encouraging the use of multiple perspectives, organizational efforts to
mitigate biases do seem to have some power to reduce biases.

5.5

Tools for Mitigating Biases

Perhaps not surprisingly, tools and approaches attempting to support better decision-making have
also emerged. These tools and approaches, of course, use many of the same debiasing principles
explored earlier in this report. These include a systematic process called the analysis of competing
hypotheses, as well as decision support systems and aids.
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5.5.1

The Analysis of Competing Hypotheses (ACH)

One context in which human decision-making biases have received a good deal of attention is in
the work of intelligence analysts (e.g., Kerstholt, 2006). Due to the work that they are required to
undertake, intelligence analysts are susceptible to a range of human biases (Heuer, 1999). There are
a number of distinct steps in the intelligence analysis process. Analysts are typically focused on
addressing a specific intelligence question (e.g., “Does Iraq have weapons of mass destruction?”).
To answer this question, analysts take large amounts of information and then typically decide how
to structure that information together (e.g., by using a timeline). Based on the structured
information, interpretations are made and these interpretations are built up into scenarios. These
scenarios then become hypotheses or tentative conclusions addressing the initial question
(Kerstholt, 2006). One potential problem, however, is that analysts (as are any decision makers)
may be subject to shortcuts, and biased judgement processes may occur. Particularly when under
time pressure and faced with a wealth of complex information, analysts are required to consider the
information, intuitively decide on the answer, and then analyze the information for support or
contradiction.
To mitigate the role of potential biases during the decision-making process, Richard Heuer (1999),
(himself an accomplished intelligence analyst) undertook an excellent analysis of the relevant
decision-making literature (including that related to errors and biases). He designed a systematic
process intended to minimize biases inherent in the decision-making processes of intelligence
analysts. This process called the Analysis of Competing Hypotheses (ACH). Heuer (1999) argues
that the ACH method “is a surprisingly effective, proven process that helps analysts avoid common
analytic pitfalls” (p. 95). The key to the ACH is that it “…forces analysts to disprove hypotheses
rather than let their minds jump to conclusions and permit biases and mindsets to determine the
outcome before they properly evaluate the evidence” (Wheaton and Chido, 2006, p. 12). It is
comprised of 8 steps, as follows:
Step 1 – Hypothesis generation - “Identify the possible hypotheses to be considered. Use a
group of analysts with different perspectives to brainstorm the possibilities” (Heuer, 1999,
p. 97). At this point, all possibilities should be considered before judging it more closely.
After brainstorming, analysts should begin narrowing the hypotheses by rejecting those
that have evidence disproving them. Although there is no correct number of hypotheses to
consider, 7 or less would be manageable.
Estimates of the likelihood of a hypothesis have been shown to be more realistic when
people are forced to create additional hypotheses. It appears even creating one additional
hypotheses can sufficiently encourage the analyst to think outside the current hypothesis
enough to increase accuracy. This can be encouraged by pointing out patterns in the data or
relationships that may not be explicitly clear.
Step 2 – List evidence and arguments - “Make a list of significant evidence and arguments
for and against each hypothesis” (Heuer, 1999, p. 97). Analysts should consider a broad
range of evidence, including their own assumptions. They should begin by listing evidence
that would apply to all the hypotheses, and then focus on each hypothesis while
considering what evidence they should and should not be seeing. Lastly, analysts should
look for evidence that is absent.
Step 3 – Create a matrix - “Prepare a matrix with hypotheses across the top and evidence
down the side. Analyze the “diagnosticity” of the evidence and arguments – that is,
identify which items are most helpful in judging the relative likelihood of the hypothesis”
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(Heuer, 1999, p. 97). Working across the rows of the matrix, analysts should evaluate how
consistent each piece of evidence is with each hypothesis. When a piece of evidence is
consistent, inconsistent or not available, notation should be marked in the cell (e.g., +, -, ?
or C, I, NA).
Step 4 – Refine the matrix. “Reconsider the hypotheses and delete evidence and arguments
that have no diagnostic value” (Heuer, 1999, p. 97). At this point, analysts can reword, add
or combine hypotheses.
Step 5 – Tentative conclusions - “Draw tentative conclusions about the relative likelihood
of each hypothesis. Proceed by trying to disprove the hypotheses rather than prove them”
(Heuer, 1999, p. 97). Working down the columns of the matrix, analysts should focus on
those hypotheses with the most minuses (that are inconsistent with the evidence).
Step 6 – Re-evaluate weight of critical evidence - “Analyze how sensitive your conclusion
is to a few critical items of evidence. Consider the consequences for your analysis if that
evidence were wrong, misleading, or subject to a different interpretation” (Heuer, 1999, p.
97). Evaluating the original materials may aid in making the decision of what evidence
could have been manipulated.
Step 7 – Report conclusions - “Discuss the relative likelihood of all the hypotheses, not just
the most likely one” (Heuer, 1999, p. 97). Considering hypotheses that are not the most
likely will allow the decision maker alternatives if the most likely hypotheses is false.
Analysts must also try to be specific in their confidence rating.
Step 8 – Milestones for future observation - “Identify milestones for future observation that
may indicate events are taking a different course than expected” (Heuer, 1999, p. 97). This
is critical as the situation may change or new evidence may appear.
The ACH technique has been argued to have a number of strengths (Wheaton and Chido, 2006), as
follows:
•

Audit trail – evidence (and its relative weighting) is explicit

•

Helps to overcome cognitive biases – because it forces consideration of alternative views

Despite this, however, it is also noted to have the following weaknesses:
•

It remains dependent on the validity of evidence. This is the “garbage in-garbage out”
principle. Even though the process is a systematic one, its results are only as good as the
information upon which conclusions are based

•

Time consuming – This systematic process takes time and resources to complete

This technique has continued to garner attention and a 2006 effort aimed to further refine it,
resulting in the Structured Analysis of Competing Hypotheses (Wheaton and Chido, 2006). In
order to further strengthen this process, Wheaton and Chido (2006) offered a more structured
process that uses some automation to further facilitate the process. Additional structure is
introduced by requiring decision makers to consider the simplest possible question first before
more complex questions. It is anticipated that by starting with the most simple, basic questions
first analysts can avoid making incorrect assumptions early on in the process thus leading to fewer
biased conclusions.
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5.5.2

Decision Support Systems (DSS)

Decision support systems (DSS) development “is the area of the information systems discipline
that is devoted to supporting and improving human decision-making” (Arnott, 2002, p. 2). Larrick
(2004, p. 330) notes several ways in which decision support systems could help improve decisionmaking, as follows:
1. Ensure the use of normative algorithms (e.g., MAU, Bayesian reasoning) that are difficult
for people to remember
2. Burying algorithms that would otherwise be intimidating
3. Running consistency checks (e.g., on probabilities or attribute weights)
4. Building and showing results of sensitivity.
This description about the value of DSS, however, shows that this field has been historically been
focused on Simon’s analytic process oriented model, and some researchers have argued that
continued reliance on analytic processes has limited DSS advancement.
It is important to note that though support systems are intended to promote better decision-making,
decision support systems can also place an additional cognitive burden upon decision makers.
Kessel (2002) has argued that ensuring the thoughtful design of decision support systems is the
only way that decision makers will actually be supported, instead of being tempted to turn off the
system or aid. There are a number of ways in which DSS should be designed in order to make them
most capable of helping with bias reduction. The first step is ensuring that the decision support
system offers the appropriate level of automation.
The level of decision automation was discussed in Miller et al (2005). They argue that to perform
optimally, operators must maintain a good level of situation awareness. This is best facilitated by
provision of a moderate level of decision support automation, such that the human is sufficiently
involved and in charge of the final decision, but is not overwhelmed and unable to handle all of the
available information. In these situations, although the DSS systems needs to suggest several
decision options, the focus should be on ensuring that decision makers are aware of the available
options, rather than “pulling” the decision maker in a particular direction (Kessel, 2003).
Specifically, in studies looking at flight route planning technology, participants were assigned to a
highly automated condition, an intermediate condition or a “mostly manual” condition. Participants
in the highly automated condition tended to over-rely on the automatically generated plans. This
was not necessarily due to complacency alone (i.e., because participants blindly accept the
automated options). Even participants who chose to explore other options used a review process
that was more narrow than it should have been, as they did not fully explore all available
alternatives. This finding was interpreted to be consistent with confirmation bias arising from the
automated plans. Participants in the “mostly manual” condition performed less well than those in
the intermediate condition, as participants could not fully explore as many alternatives, especially
in complex scenarios where the number of considerations were large (Miller et al., 2005). This
suggests that an ideal system needs to maximize the exploration of alternatives without actually
providing solutions.
Overly automated systems can lead to decreased situation awareness, reduced operator skill sets,
and less consideration of alternative decisions and actions (Miller et al., 2005). These effects
continue to worsen over time as the operator becomes less and less confident in his/herself and thus
more and more reliant on the automation (Parasuraman & Riley, 1997). On an individual basis,
over-reliance on technology could be considered a signal of low self-confidence requiring
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increased training for the job. Using technology to facilitate decision-making requires that the
technology can adapt to the unique needs of the end user. Adaptive automation involves flexible
allocation of tasks between humans and automation that change based on circumstances. Studies in
which responsibility is differentially allocated to operators at specific time intervals (e.g., when
workload is low) have been shown to increase operator monitoring and to improve overall humancomputer system performance. Putting responsibility for the system in the hands of the operator
encourages them to update their awareness of the current situation (Parasuraman & Riley, 1997),
creating a more effective overall “team”. The use of automation also varies from person to person.
For instance, pilots showed a higher use of automation than university students when participating
in a non-piloting related study using a computer game that involved letter/number characterization.
This suggests that pilots are prone to use automation more freely; whether this is due to pilot
experience, pilot training or intrinsic factors that lead certain people to be pilots seems unclear
(Riley, 1996). Studies have also shown that people tend to rely more on automation when fatigued.
If operators are made aware of this, then perhaps through training they could learn to compensate
by increasing their vigilance or at least delegate monitoring tasks to another, less fatigued,
colleague (Riley, 1996).
Technology has been shown to promote some reductions in specific decision-making biases. One
technology-centred way to reduce confirmation bias effects is to use automated aids to assist the
decision maker in critically testing hypotheses, and by suggesting falsifications (Kerstholt, 2006).
Automated aids can also encourage the analyst to draw direct links between the data and the
hypotheses. This can include noting which data either support or disconfirm the hypothesis, and
pointing out information that is missing (e.g. indicating a category that has not been mentioned).
Chandrasekaran (2008) argues that decision aids should increase (rather than decrease) the number
of alternatives considered. “In principle, planners can generate, simulate, compare and select from a
large number of COAs, thus vastly increasing the chances for finding good COAs” (Chandrasekaran,
2008, p. 1). Using models to predict outcomes occurs both in simulation and in the human thinking –
each have their advantages and disadvantages. For this to occur, decision makers have to determine
their goals, alternatives, evaluation criteria and valuations. The outcomes of these predictions can
then be evaluated for sensitivity – a task with which DSS are also able to assist.
As noted in the anchoring and adjustment section, research by George, Duffy and Ahuja (2000)
used a decision support system to explore whether anchoring and adjustment biases could be
diminished by providing people with online feedback about their choices. As noted earlier,
however, even when supported by a decision aid, participants showed anchoring and adjustment
biases.
Other DSS have shown effects at reducing biases in applied domains. Bhandari, Hassanein and
Deaves (2008) explored whether decision support systems could promote debiasing within the
investment domain by examining the biases exhibited by financial investors. Noting the emergence
of a new field of inquiry called “Behavioral Finance”, the authors argue that individuals often fail
to make decisions that assess all current assets and consider all the consequences of making a given
choice. Within the area of behavioural finance, many common biases are likely to be relevant. The
representative heuristic can lead to trend-following and insufficient diversification. For example, if
the Apple stock is doing well, investors may think all computer stocks are doing well. Framing
biases could also lead to inconsistent asset allocation. Similarly, if the stock market is rising,
investors may ignore regression to the mean and will believe the stock market will continue to rise.
This study explored whether the provision of a decision support system (DSS) could alleviate
biases when making critical investment decisions. This research focused on several biases related
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to the framing of the problem, regression to the mean, representative heuristic and decisions made
when facing information overload. One hundred and nineteen participants were assessed on their
overconfidence through two methods, namely, mis-calibration and better-than-average tests. For
the mis-calibration method, participants answered 5 questions and guessed how many they got
right. If they thought they got more right then they actually did, they were considered
overconfident. For the Better-than-average test, participants rated their knowledge of investments
compared to others out of 10; participants who rated themselves higher than 5 were considered
overconfident. The framing bias was explored by asking participants which type of investor group
best fit them (very aggressive – very conservative). Participants then read three investment
scenarios where they had to decide how to allocate $100,000 of pension money to one of two
investments. An additional variable called a bias catalyst was applied to each scenario. This bias
catalyst was high or low (many skewed funds vs. two funds; salient vs. ambiguous trend; more vs.
less information). Once participants had made their decision for each part of the task, the DSS then
recommended a decision (either in the form of text or a graph) and participants were allowed to
change their decision or keep it the same. The recommended decision for the participant was either
inconsistent with their risk level or very inconsistent with their risk level.
For the representativeness task, participants read two scenarios where they were asked to allocate
resources ($100 000) to two possible stocks (winner vs. loser). A bias catalyst was again applied to
each scenario which was either high or low (winner outperformed loser every month; winner
outperformed loser in the end, but loser outperformed winner certain months). For the ambiguity
aversion bias, participants read 2 scenarios where they were asked to allocate $100 000 between
bond funds. A bias catalyst was again applied to each scenario which was either high or low (6 vs.
3 bond funds).
Results showed the DSS was useful in reducing the three biases. For the framing heuristic, most
participants were initially impacted negatively by the bias (74%), but after changing their answers
based on the DSS feedback, only 21% were biased. Results also showed that women were more
susceptible to the framing bias then men. Likewise, most participants initially used the
representativeness heuristic (82%), but after DSS feedback and the opportunity to change their
answers, only 17% relied on the representativeness heuristic. Results also showed that decision
support systems were more helpful in mitigating biases in high bias catalyst scenarios. Results
showed that most of the participants were overconfident (41%) for the miscalibration test, but not
for the better-than-average test, therefore, participants were not considered overconfident according
to the overall measure. In conclusion, this research shows that DSS can reduce biased financial
decisions.
Another study explored the impact of two new debiasing interventions on reducing confirmation bias
(Cook and Smallman, 2008). This first intervention provided evidence in graphical rather than textual
form, and the second provided decision makers with information about how other decision makers
saw a focal problem. This research was undertaken with trainee naval intelligence analysts studying
vignettes carefully designed to have balanced supporting and conflicting evidence sets. The
dependent measures related to the kind of information (confirming or conflicting) that the trainee
analysts chose. The decision support tool used was the Joint Intelligence Graphical Situation
Awareness Web (JIGSAW), which provides a visual layout of evidence that is both confirming and
conflicting. This system, then, is designed to try to promote more equal consideration and attention to
information that both supports and conflicts with one’s prevailing hypothesis. This tool is also
intended to mitigate biases inherent in group decision-making, and to facilitate collaboration because
decision makers are able to see the evidence available to other decision makers, making the
misinterpretation of data more difficult when in a public forum and subject to varying perspectives.
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Trainees were presented with a fictitious scenario related to a given hypothesis (e.g., the president of
a fictional country would resign before an upcoming election) and were given a pool of supporting
and conflicting evidence with which to make their decision. Participants were asked to assess
whether each piece of evidence supported or refuted a target hypothesis, to select the pieces of
evidence that they believed would be most helpful, and to prioritize the evidence they had selected in
order of importance. Bias was measured in terms of whether the evidence selected showed a
disproportionate preference for a particular kind of evidence (i.e., either supporting or conflicting).
Results showed that trainees were prone to showing confirmation biases whether they had decision
support or not. However, the degree of confirmation bias that they showed was significantly reduced
when they were provided with evidence in a graphical layout (relative to a text layout). However,
being able to access the information of other analysts had no significant impact.
It is also important to note the term “automation bias”. Automation has the potential to make
complex tasks easier, and to enable us to do more in less time. However, if the automation does not
actually perform reliably, users are open to committing a range of errors (Adams, Bruyn, Houde
and Angelopolous, 2003). Two main types of errors occur with automation aids:
1) Underutilization – where people ignore automated warnings and information
2) Over-reliance – where people become complacent, relying only on automated information
Even relying on technology, people are prone to show similar kinds of biases to those in nontechnological domains. They are, for example, prone to use automation information and cues “as a
heuristic replacement for vigilant information seeking and processing” (Mosier and Skitka, 1996;
as cited in Dzindolet et al., 2001). Studies have shown that when automated aids provide
information prior to a decision being determined, over-reliance on automation was more prominent
than underutilization. However, when automated decisions were provided as verification after
subjects had made their decisions, underutilization was more prominent (Dzindolet et al., 2001).
Presumably, confirmation bias, as well as anchoring and adjustment biases contribute significantly
to the former while overconfidence bias is a main factor in the latter.
A key determinant in automation use is the perceived utility of the automation by the operator. “If
one perceives the ability of the aid to be greater than one’s own, perceived utility of the aid will be
high” (Dzindolet et al., 2001, p.8). Certain automation levels are more prone to complacency than
others. Specifically, technology levels 4-6 have empirically shown high levels of complacency as
human operators tended to rely more heavily on the automation. Confirmation bias as well as
availability and anchoring & adjustment biases are assumed to play a role in these effects. Due to
this, unless decision aids are 100% reliable, it is recommended that decision aids should display
status levels (automation level 2) instead of complete commands (automation level 4) (Cummings,
2004). This is the case in both time sensitive and not time sensitive circumstances. An unfortunate
example showing the impact of automation bias is discussed in Cummings (2004):
Automation bias in time sensitive resource allocation was seen recently in the 2004 war
with Iraq when the U.S. Army’s Patriot missile system engaged in fratricide, shooting
down a British Tornado and an American F/A-18, killing three aircrew. The system was
designed to operate under [automation level] 6, and operators were given ten seconds to
veto a computer solution. Unfortunately the displays were confusing and often incorrect,
and operators were admittedly lacking training in a highly complex system. Given the
laboratory evidence that given an unreliable system, humans are still likely to approve
computer-generated recommendations, it is not surprising that under the added stress of
combat, Patriot operators did not veto the computer’s solution. (Cummings, 2004, p. 5).
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Given the choice of when to use and when not to use automation, it would seem logical for
operators to choose automation during times of high workload. In practice, however, this is not
necessarily always the case.
Decision support aids have also been directed at assisting command and control decision-making.
A recent paper by Grant (2009) argues that military command and control systems:
“…invariably support analytic or rational decision making (RDM), in which the decision
maker selects the best option. The preference is RDM is partly driven by the needs of
integrating C2 systems, but the major attraction is that RDM is optimal” (Grant, 2009, p. 1).
Decision support systems working to support analytic decision-making must offer the following
(Davis, 2009, p. 2):
1. a database of known options with their attributes
2. a mechanism for obtaining the values of the attributes
3. an algorithm for computing each option’s score from its attribute values
4. an objective function for selecting the highest-ranking score.
As Davis also notes however, analytic decision-making is most appropriate when the environment
changes slowly and goals are fully defined. Within more uncertain or time pressured environments,
naturalistic decision-making seems likely to be more effective.
Given this, Grant then provides 4 case studies of implemented C2 decision support systems.
Although these systems are obviously not directly relevant to the CF context, they are briefly
summarized because the analysis that follows provides meaningful information about how they
might assist analytic decision-making processes.
These decision support systems include the Integrated Staff Information System (ISIS) of the Royal
Netherlands Army (RNLA). This system is intended to be used for command headquarters in fixed
locations. Two associated parts of this system are the Battlefield Management System (BMS), used
for “mobile, vehicle-mounted use” (Grant, p. 5) and the Soldier Digital Assistant (SDA) for
dismounted soldiers. Essentially, this C2 decision support system is aimed at achieving and
maintaining situation awareness, but these systems represent essentially “drawing packages” as
they do not actually support assessment of the situation or COA development.
Another decision support system within the RNLA is the Combat Management System (CMS) on
board air defence frigates. Grant notes that this system “covers more of the OODA loop than do Army
C2 systems”. In addition to acquiring data, it assesses “the threat posed by targets, selects a suitable
response by allocating an appropriate weapon system and recommends that response to the captain”.
NATO’s tool for operational planning is the Effects Based Tool for Operational Planning (EBTOPFAS). It provides a range of views, including causal, geo-spatial, temporal and resource views
for campaign planning.
All of these tools have been developed to support analytic decision-making. Grant then evaluated
each of these tools in relation to the core aspects of the OODA loop, as well as from the
perspective of the Control Centre Visit Checklist (CCVC), a checklist used to assess C2 systems, as
shown in Table 57.
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Table 57. C2 systems and analytic decision-making
CCVC (ops
view)
Observing
Observing
Observing
Observing
Deciding
Sensemaking
Planning
Planning
Acting
Acting

CCVC (systems view)

ISIS

BMS

CMS

TOPFAS

Data acquisition
Status monitoring
Situational
assessment
Abnormality detection
Goal and resource
management
Abnormality isolation
Abnormality recovery
Planning and
scheduling
Prediction
Procedure execution
Commanding

P
Y
N

Y
Y
N

Y
Y
Y

P
Y
N

N
P

N
P

Y
P

N
Y

N
N
P

N
N
P

Y
N
N

N
N
Y

N
N
P

N
N
P

N
N
Y

N
N
P

This suggests that these particular decision support tools help primarily at the observing stage of
decision-making. They provide some assistance at the planning stages, and at the commanding
stage, but provide relatively little assistance with sensemaking, predicting and procedure execution.
Similarly, Grant also reviews the extent to which each of these 4 decision support systems supports
naturalistic decision-making processes, as shown in Table 58.
Table 58. C2 systems and naturalistic decision-making
Identifying
situation:
Diagnosis

Construction
Evaluation

Cognitive process
Feature matching

ISIS
N

BMS
N

CMS
Y

TOPFAS
N

N
P
P
Y
P
N
N
N

N
Y
P
Y
P
N
N
N

Y
Y
Y
Y
N
N
P
N

N
P
N
Y
Y
P
P
N

Pattern matching
Information gathering
Belief updating
Situation awareness
Story generation
Analogical reasoning
Single option construction
Mental simulation

This review of 4 different decision support tools shows that the cognitive processes in naturalistic
decision-making are generally not well supported. The identification phase (feature and pattern
matching) are not well assisted, and construction of a single option is partly assisted by only half of
the DSS. The diagnosis stage is the best supported, with processes such as mental simulation
currently wholly unsupported in this select sample of decision support systems.

5.6

Overview of Solutions to Biases

In general, it is clear that completely “solving” the problem of human decision-making errors and
biases is unrealistic. Considering a spectrum of effort ranging from ensuring simple awareness to
formalized training, promoting excellent decision-making certainly seems to require more (rather
than less) effort and attention. This suggests that training and education of human decision-making
biases and heuristics is necessary. However, it is clear that simple awareness about these biases will
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not prevent them from occurring (Woocher, 2008). The literature suggests that even though efforts
to mitigate human decision-making biases may be well-intended, they will not necessarily be
effective.
There is a clear sense in the literature that efforts to mitigate one bias could inadvertently give rise
to another. Woocher (2008) argues that other strategies, such as reframing (e.g., not highlighting
certain losses) can simply lead to different biases. This suggests that efforts to mitigate biases must
be both well-informed and monitored for actual (rather than just expected) effects. A caution is
further offered by Fischhoff (1982) about debiasing techniques. Specifically, he argues that one of
the dangers of explicitly introducing debiasing techniques is that they may give people a false sense
of confidence. He argues “a debiasing procedure may be more trouble than it is worth if it increases
people’s faith in their judgmental abilities more than it improves the abilities themselves”
(Fischhoff, 1982, p 431).
Despite this somewhat pessimistic conclusion, however, it is also clear that some human decisionmaking errors and biases may be somewhat more amenable to correction/mitigation than others.
Statistical biases have proven to be the most effective biases to offset through varied means.
Representativeness biases have also been more optimistically perceived to be at least somewhat
amenable to reduction efforts. As noted, Kunda (1999) argues that, in general, humans have the skills
and abilities to overcome the representative bias. Research has shown that people motivated to
perceive other people in non-prejudicial ways are able to resist applying social stereotypes to
unfamiliar others (Kunda, 1999). This, in essence, means that people who are motivated to avoid
representativeness bias are able to do so. The potential problem, however, is that these effects are not
necessarily “all-or-nothing” and that representative biases may re-emerge with even simple triggers.
Kunda (1999) has argued that the availability and anchoring biases are not simple to solve, as they are
a form of mental contamination by either the availability or the anchor (Wilson and Brekke, 1994;
cited in Kunda, 2002). If there is no objective information, then there is little else to rely on other than
the available information that comes to mind. Similarly, with the anchoring and adjustment bias,
simple awareness about the bias is not enough. In order to properly calibrate our responses, we would
also need to know how much correction was actually necessary (Kunda, 2002).
Similarly, even the pioneer of debiasing remained relatively pessimistic about the prospect of
eliminating hindsight biases and overconfidence. Fischhoff (1982) notes that “few of these
techniques have successfully reduced the hindsight bias; none has eliminated it” (Fischhoff, 1982,
p 429) and he argues that this was true for the over-confidence bias as well. In general, human
decision-making biases seem relatively resistant to holistic change. Of course, one thing to keep in
mind within the applied domain is that even small shifts or changes could represent a significant
improvement in human functioning. As such, even though the literature suggests that whole scale
remediation efforts might be ineffective, even some change could be of critical positive benefit in a
high stakes applied domain.
As noted earlier in this section, it may be inappropriate to think of mitigating the biases that exist at
the individual level as the only available option. Indeed, some have argued that it may be more
helpful to consider how larger systems like organizations can work to promote structures and
processes that will offset some biases at the individual level.

Page 136

Human Decision-Making Biases

Humansystems®

6. Research Recommendations
As this review hopefully shows, then, human biases and errors are a pervasive and persistent issue.
Their impact is evident throughout all domains of life, and in all settings. Moreover, it is clear that
“broad stroke” solutions to these systematic errors and biases will not be possible, as they are
embedded within individual human psychology and will not be easily remediated.

6.1

Possible Future Research

Nonetheless, meaningful future research efforts could be aimed at working to understand how
human decision-making can be best supported through the creation of decision support systems
and/or aids. Conversations with the Scientific Authority of this project have indicated that one of
the most critical lines of research is how to support better decision-making as part of the Canadian
Forces Operational Planning Process (CFOPP).
One of the logical approaches for future research to take, then, would involve working to identify
the many different stages of the CFOPP process, and to identify the human decision-making biases
that could emerge at each of these stages. The key question, then, is how the CFOPP can be
supported through decision aids and support systems in order to help offset some of the human
decision-making biases described in this report. Clearly, there are a range of different biases that
could impact, and some approaches that have been shown to mitigate some of these forms of bias.
A range of future work could be conducted to achieve this goal. The sections that follow provide
several recommendations to further this research, both generally (in terms of building the core
knowledge to support this goal) and specifically (through direct research on the CFOPP).
Recommendation 1: More focused review of decision support tools and how they might assist
decision-making processes while mitigating biases.
This review touches on a range of research relevant to how decision support tools might help to
mitigate some forms of systematic human biases. One of the challenges, however, is that the
decision support literature is often distinct from the core literature related to human decisionmaking biases and errors. This is the case, in part, because researchers and theorists from very
different fields (e.g., psychologists in the case of human decision-making biases) typically work in
somewhat discrete areas. The problem, then, is that even though these two literatures are highly
related, they use different terminology and have different foci. This made the task of understanding
which decision support tools might be able to mitigate human biases very difficult. Given the scope
of this review and the range of available literature relevant to any one topic, our search was
necessarily constrained primarily to articles related to decision support systems with specific
references to terms like “biases” and “heuristics”. Although our search yielded an adequate number
of relevant articles for the decision support section, we did not have adequate time to include
decision support tools that address biases and heuristics, but which do not explicitly label them as
such. In the future, then, it might be helpful to undertake a more specific review of the literature
around technological approaches to mitigating bias, and to have the time necessary to help make
the translation from the very applied domain (with different terminologies and approaches) to the
more familiar psychological frame.
For the future, one of the key gaps identified in the literature is the link between decision-making
processes and human biases. In talking about the use of decision support systems to reduce biases,
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Arnott (2002, p. 37) points out the current gaps in knowledge, arguing that “Better ways of
identifying the likely presence of biases are needed. A model or framework that links different
decision biases to different decision tasks would be particularly useful.” In our view, this would be
a very difficult task, but it is certainly one worth attempting. Progress made in identifying biases
associated with specific aspects of decision tasks would promote further understanding of the
biases that might impact on the CFOPP.
Recommendation 2: More specific exploration of the cognitive processes that need to be
supported within the CFOPP as a precursor to designing decision support systems
Grant’s analysis (see Section 5.5.2) in which he compares the different cognitive processes
required for operational planning, and how these processes are supported by existing decision
support tools within the Royal Netherlands Army provides a good analogy of the kind of research
that could support the CFOPP process.
One possible approach to beginning to address this issue would be careful examination of the
CFOPP, and further decomposition of the many different stages of this process. Previous research
was aimed at creating a function flow analysis of the CFOPP process as implemented at the brigade
level (Bruyn, Lamoureux and Vokac, 2004). A sample of one part of this function flow (second
level doctrinal OPP functions during planning cycle 1) is shown in Figure 25.

Figure 25. Function flow of the CFOPP – Sample 1
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Another sample of this function flow (second level doctrinal OPP functions during planning cycle
1) is continued in Figure 26.

Figure 26. Function flow of the CFOPP – Sample 2
Figure 26 shows the progression of commanders in the CFOPP process at the first planning cycle.
Whether using this type of methodology or a different methodology, this mapping of the different
elements of the CFOPP could be a critical first step to understanding the biases that are most likely
to impact at different stages of the process.
Recommendation 3: More specific exploration of the CFOPP, and the biases likely to be
associated with this process.
As the goal of future research is to provide decision support tools to help mitigate biases in the
CFOPP, it seems important to more fully explore this issue. Our review suggests that a range of
different biases could impact completion of the CFOPP (as currently defined by doctrine). At the
early stage, there may be value in conducting research specifically targeting potential biases that
could occur. In conjunction with the analysis proposed in Recommendation 2, one approach could
involve asking military SMEs (e.g., senior commanders) to provide insight around the process, and
the many different ways in which each step of the process could be subject to biases. Exactly how
this would be done would depend on how familiar these commanders are likely to be about human
decision-making biases and errors. Of course, they are likely to be highly trained in decisionmaking, but may well use different terminology and definitions to describe potential biases. If their
familiarity is low, it may be important to either design a quick and pragmatic training session to
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ensure that common understanding of terms.
The goal of this research could be to identify the most prominent biases likely to occur at each of
the different stages of the CFOPP at a pragmatic rather than theoretical perspective. If this could be
done with a relatively small group of experienced CF commanders, it would when be possible to
conduct focus groups in order to “validate” the observations and ensure that the biases identified by
a select group are seen to be relevant by a broader sample of personnel.
Of course, it is important to acknowledge the potential limitations of this approach as well. Of
course, getting people to reflect on the biases that they may make when making decisions assumes
that they have awareness of them, in which case, they could simply avoid them. This, of course, is
not the case. Nonetheless, as the current literature seems to provide little direct systematic
information about how biases are likely to impact in a process such as the CFOPP, it is important to
begin to grapple with this issue.
Future research, however, will need to be attentive to potential differences between doctrinal
descriptions of the CFOPP from how this process is actually undertaken at various levels. Previous
research compared implementation of the CFOPP as applied by Staff at the Brigade level during Ex
Virtual Ram at CFB Edmonton in 2005 (Bruyn, Rehak, Vokac and Lamoureux, 2005). This work
reported significant discrepancies between prescribed doctrinal processes and actual
implementation of the OPP at the Brigade level. Specifically, not all of the functions of the OPP
were fully performed during the exercise, and “looping” back and forth among these functions was
observed. Moreover, the planning process seemed to require that the Commander made the
majority of critical decisions, and provided guidance to planning staff. The authors of this report
concluded that “…the 1 CMBG planning Staff followed a step-by-step analytic decision-making
approach for higher level OPP functions, but more intuitive processes to perform specific,
individual functions. It appears that the input of various staff to the OPP was intuitive, or at least
based on his/her own estimate of the situation, compiled form various sources.” (Bruyn, Rehak,
Vokac and Lamoureux, 2005, p. i). Of course, given that these observations were made at the
brigade level, it is unclear whether they would hold at the higher strategic level of NDHQ. At the
very least, this work does provide some account of the potential for differences between doctrinal
descriptions of the CFOPP and actual implementation of the CFOPP.
As described in earlier sections of this report, the CFOPP process is currently cast within an
analytic framework, although several of the CF-relevant models and approaches described in
earlier sections of this report (e.g., Fewell and Hazen, 2005; Breton and Rousseau, 2005) push for
approaches that integrate both analytic and naturalistic approaches. Given this, it may be important
to either create or adopt a CFOPP model that reflects this complexity as this work proceeds.
Recommendation 4: Development of decision support tools and systems that mitigate some
forms of bias.
Given that it may be relatively easy to identify some forms of bias that could impact during the
CFOPP, it would be helpful to work toward creating technological supports that could mitigate
these biases. It is important to note that some forms of decision support could help to mitigate
biases directly and some indirectly. For example, it is clear from the literature that human decisionmaking is more likely to be biased when people are under stress and when facing high levels of
workload. Under these conditions, for example, they may be more likely to attend to easily
available information (availability biases) than to look for discrepant (but critical) information. As
such, offering decision support for even some of the more mundane tasks could indirectly facilitate
less biased decision-making.
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One of the obvious ways in which automation might be able to support the CFOPP process would be
through supporting some of the time-consuming but mundane tasks that are a part of this process. For
example, CF personnel implementing the CFOPP at the brigade level reported that they felt that tasks
such as the production of orders, the creation of synch matrices and decision support templates took
up a disproportionately large amount of their time and effort (Bruyn, Rehak, Vokac and Lamoureux,
2005). Providing automation to support these tasks may be very helpful, as it would free up resources
to devote to more complex problem solving and decision-making components.

6.2

Other Research Required

Two other areas of future research are particularly relevant for Canadian Forces are described in
the sections that follow.
Recommendation 5: Explore current training and education that specifically target human
decision-making biases and errors, and/or design modules or courses to fit into current
training and education systems.
This recommendation addresses the need to understand how human decision-making errors and
biases are currently addressed within the CF training system. At present, the extent to which
training and education address human decision-making errors and biases is unclear. It seems like
that some relevant information may be provided throughout courses training the operational
planning process and decision-making more generally. However, the level of detail and the quality
of this information remains unknown.
In the longer term, it might be helpful to create targeted manuals or briefs synthesizing some of the
information contained in this report (or other similar information) for senior commanders. This
manual would provide easy-to-understand examples of biases that could occur at many different
stages of operations. As noted earlier, it is unclear as to whether simply raising awareness of biases
in human decision-making will wholly eliminate them, but this does seem overly optimistic.
However, given the stakes within the military environment, any success in lessening even more
biases (or decreasing their impact) could be critical to optimize effectiveness.
Recommendation 6: Psychological research exploring individual differences in human
decision-making biases and errors.
Janser (2007), a Lieutenant-Colonel in the U.S. Army also argues for the importance of better
understanding human decision-making biases within the military context. He makes several
recommendations about the importance of exploring biases in officer corps personnel stating,
“Targeted research should be conducted to determine exactly which cognitive biases exist among
this demographic and the degree to which they exist.” (Janser, 2007, p. 12).
In our opinion, this is a very worthy goal, and one which is worth pursuing in more detail.
Although it is clear that cognitive biases are likely to be pervasive in any group, the literature
suggests that there are some individual differences that are likely to impact as well. Understanding
this issue in detail would be help to knowing how to lessen some of the potential biases.
From a research perspective, then, efforts should be directed at working to understand the exact
errors and biases likely to be at play within a specific context. As noted earlier in this report, the
errors and biases that are likely to emerge in a given situation are at least somewhat dependent on
the demands of the situation, and on how the situation unfolds. However, it could also be argued
that some people are inherently more likely to make some errors than others. As such, there is a
sense in which they are a product of the person and the task or situation in which they are placed.
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