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Abstract

Herbert Simon is one of the key researchers whose work has been drawn upon constantly by IS researchers. In
this paper, we examine his legacy and illustrate his impact on the research carried out in the decision making
area. Although he did not directly work on the concept of Decision Support System, much of his research can
be regarded as theoretical foundation for DSS. We examine his contribution to the evolution of ideas in the
DSS area and discuss the significance of his legacy for DSS.
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1. INTRODUCTION

Since the late 40’s, Herbert Simon has been unequivocally associated with management and decision. None of
his contemporaries have had such a far-reaching impact on management, especially when his further work with
James March is considered and Mintzberg himself, who considerably advanced our ideas on management
practice, noted that he always considered Simon to be the most influential and important contemporary author
in terms of organizational theory (1990, p. 94). Jared Cohon, president of Carnegie Mellon University, where
Simon was a fixture for 52 years said “few if any scientists and scholars around the world have had as great an
influence as had Simon across so many fields, economics, computer science, psychology and artificial
intelligence amongst them” and David Klar, a professor in the university was moved to say “it should be named
Carnegie Mellon Simon university” (Spice, 2001).

This legacy leads us to review Herbert Simon’s contribution to the decision making and decision support areas
and to show how the science and practice of management and decision making changed under his influence.
We also consider to what extent his work, notably his pioneering research into the decision-making process
within economic organizations (for which he received the Nobel Prize in 1978), contributed to the
establishment of DSS as a field of research. This paper first considers the new ideas brought by Simon in
management theory and then looks at his contribution to our understanding of managerial decision making and
DSS:s. It concludes by raising some questions for DSS designers.

2. THE MANAGER AS A DECISION MAKER

In his biography, Simon (1991, p. 64 and seq.) explains how he entered the city government in the town of
Milwaukee and how he worked with Clarence Ridley from 1936 on the evaluation of community activities.
From the observations gathered during his years at Milwaukee and from his teaching and lecturing at the
University of Chicago, Simon realized intuitively that he might set up the basis of a science of management, a
science that should ideally be as falsifiable as the other sciences, though Simon did recognize that he was only
at the very beginning of this ambitious project (ABo, p. xi)".

The references to the book "Administrative Behavior" are denoted ABo (o=old) for the elements of the 1947 edition
and ABn (n=new) for those elements taken from the comments added to the 1997 edition. In all cases the page number
refers to this latter edition. The book "Administrative Behavior"is largely based on the PhD thesis that Simon wrote
between 1939 and 1942, while at Berkeley (Simon, 1991, p.85).
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Simon saw himself as one of the pioneers of the second generation of scientific management, after Fayol,
Taylor and others. It was above all Taylor who attracted his attention. Taylor (1911) published "The Principles
of Scientific Management", a book dealing mainly with the improvement and effectiveness of production
processes and the role of human labor in the elementary operations in production (ABn, p. ix ; O%, p. 32-34). It
was doubtless no coincidence that Simon's book on the introduction of computer science into management was
entitled "the New Science of Management Decision". In the preface to the 1977 edition, Simon actually wrote
(p- x) "The computer and the new decision-making techniques associated with it are bringing changes to white-
collar, executive and professional work as momentous as those that the introduction of machinery has brought
to manual jobs".

Simon's basic idea, as expressed in "Administrative Behavior", is that the correct angle from which to approach
a study of organization management is that of the decision and the action that follow (ABo, p.1). Thus, the
manager must primarily be viewed as a decision maker (Simon, 1977, p. 39). This is well characterized in the
book with March (On, p.3) : "The central unifying construct of the present book is not hierarchy but decision
making, and the flow of information within organizations that instructs, informs, and supports decision making
processes". This became the unifying thread in Simon’s future work on decision making and Simon described
himself (Simon, 1991, p. xvii) as somebody "who has devoted his scientific career to understanding human
choice". Thus, Simon’s ambitious program was to understand organizations and their management as an
aggregate of human choices; not like in economics theory based on the abstracted behavior of homo
ceconomicus, but based on the real behavior of people.

Pre Simon, the field of decision belonged to economics rather than management and the dominant model was
that of maximizing a utility function under constraints, ideas that came from von Neumann's game theory and
the theory of markets and supply-demand equilibrium, as illustrated in the work of Pareto, Edgeworth, Walras
and, more recently (at the time) von Neumann. But as Simon observed (ABn, p. 20), markets tell us nothing
about organizations and firms, and in particular, economic theory tells us nothing about the technology
underlying production, nor of the motivations that inspire the decisions of managers and employees or the
process that leads to "optimal decision". The theory is not concerned with how those involved acquire the
necessary information, how they perform their calculations, or more importantly still whether they are capable
of correctly evaluating the consequences of the decisions, according to the events, as postulated by the
maximization of utility (ABn, p. 20).

Simon's second breakthrough after he introduced decision as a subject for investigation and as the unifying
thread in the analysis of organizations was his conviction that the structure of organizations plays a key role:
"In the study of organizations, the employee must be the focus of attention, for the success of the structure will
be judged by his performance within it". (ABo, p. 2). Thus, Simon deliberately set himself within the
framework of 'social psychology' (ABo, p. 2).

This sociology of analysis and field investigation, as sketched out in the work of Simon, was brilliantly
developed in the work of March and, in France, by Crozier (1963). The latter was without doubt the first to
introduce Simon to French researchers, in the preface to the French edition of the book of March and Simon
(1974)* and, in his article on Simon in the newspaper "Le Monde" on the occasion of the Nobel Prize for
economics in 1978, Crozier referred to Simon as “the father of the sciences of decision™.

A key consequence of Simon’s observations and ideas is that decisions and the actions that follow them cannot
easily be distinguished. Thus, Decision support systems should primarily be geared as models for action, but
action in an organization is a cascade at intertwined sub-actions and consequently DSS design must
accommodate human reasoning at a variety of levels, from the strategic level to the lowest level of granularity
of action decided by managers. However, we believe that this has not been applied in the practice of DSS
development, and that DSSs have focused on high level decision making (strategic decision) but using low
levels of representation (data, equation, etc) because (1) the notion of representation level has not been
sufficiently studied and (2) high level decisions are more appealing than small decisions (Humphreys and
Berkeley, 1985; Pomerol and Adam, 2003b).

References to the book by March and Simon "Organizations" are denoted O and On for the preface to the second
edition. In all cases the page number refers to the later edition of 1993.

Dunod, Paris

"Yet with time it has appeared more and more clearly that Herbert Simon is the father of the modern sciences of
decision, that his complex but always very practical ideas have constituted one of those rare revolutions in
contemporary social science and that the scope of his influence is being felt more and more deeply not only in the
thinking but also in the practice of action" (Crozier, Colloque de la Grande Motte, 1984, in Demailly and Le Moigne
(1986, p. 673)).

648



Decision Support in an Uncertain and Complex World: The IFIP TC8/WG8.3 International Conference 2004

3. DECISION PROCESS

To deal scientifically with decision, Simon began by distinguishing between facts and values (ABo, ch. 3) or
what is and what ought to be. This aspect of Simon's work has been criticized because it does not clearly
formalize the role of future events. Facts are what can be verified or falsified, whereas values are the objectives
of the decision maker and, beyond this, his actual wishes. It follows that we can only evaluate a decision if we
know the objectives of the decision maker (ABo, p.56 and seq.) This notion, reminiscent of the idea of
aspiration level introduced by Dembo (see Lewin et al., 1944), was adopted by Simon and became an important
feature of his "heuristic" search. Many interactive methods in decision making rely on the notion of local
adjustments according to the level of satisfaction reached at every given step. This is a basic tenet of "bounded
rationality" (see Selten, 2002). Thus, to evaluate the quality of a decision, researchers must know the utility of
the decision maker, and understand what he or she expects in terms of the probabilities of future events (this
aspect was not specifically studied by Simon).

2.1 Towards a model of the decision making process

Simon observed that the problems that trigger decisions are not factual data but constructs. In his own words:
"problems do not come to the administrators carefully wrapped in bundles with the value elements and the
factual elements neatly sorted". Secondly, he observed that decision "is a matter of compromise", i.e. all
decision makers have several more or less contradictory objectives in mind. Thus, Simon was the first to stress
the multicriterion aspect of decision.

Based on these observations, Simon (ABo, p. 77) laid the foundations for his seminal model of decision
making. He broke down decision making as follows:

1. identify all the possible alternatives;
2. determine all the possible consequences of these alternatives;
3. evaluate all the possible consequences.

In contrast with the simplistic view of Dewey’, Simon is clearly interested in the mechanics of the decision
making process, in that he considers how a decision maker evaluates all the consequences and compares them
with each other. This is a central problem in any decision process in that evaluating consequences requires that
managers have a complete knowledge of all future events and their probabilities.

Drawing from his work on psychology, Simon also discussed the role of 3 key factors of cognitive load in
decision making: attention, information and stress. Given the limited cognitive capacity of humans, attention is
a limited and even rare resource which plays an important part in decision making. This theme is central in
Simon’s work with March (" ... the ways in which attention is allocated are critical to understanding decision"
(On, p. 4)). Cognitive limitations play a substantial role in the concept of bounded rationality in that, as Simon
stressed, they preclude the exhaustive study of all of alternatives and their consequences. This led Simon to
present his famous four phases (Simon, 1977):

e intelligence

e  design
e choice
e review.

The role of information and attention is particularly fundamental in the first two phases of decision making
because managers can only choose between alternatives that they know about and that they are able to
document. As Simon pointed out: information acts as a constraint on decision. This role of information is often
a source of weakness in DSSs, because many designers emphasise the models they build into their systems
rather than the significance of the information fed into them.

Simon was aware of the interdependence between the phases and he provided examples of feedback from one
stage into another. He also indicated that each stage can be considered recursively as a decision in itself
(Simon, 1977, p. 43). Thus, his model enabled him to eliminate the common problem faced by decision
making researchers thus far, namely the artificial reduction of decisions to the moment of choice (see also
Langley et al., 1995). He said: "All the images falsify decision by focusing on the final moment" (Simon, 1977,

> 1) What is the problem ?; 2) What are the alternatives ?; 3) Which alternative is the best ? (quoted in Simon, 1977, p. 43).
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p- 40). This new idea was to bring the study of decision making out of the mythology of management stories
and link it firmly to the field of Information Systems.

2.2 Programmable and non-Programmable Decisions

As Simon's thoughts gradually turned toward the computer, he introduced another oft-quoted aspect of
decision: the distinction between programmed decision and non-programmed decision (Simon, 1977). He
stated: "Decisions are programmed to the extent that they are repetitive and routine, to the extent that a definite
procedure has been worked out for handling them so that they don’t have to be treated from scratch each time
they occur" (Simon, 1977, p. 46). Decisions on the other hand are non-programmed "to the extent that they are
novel, unstructured and unusually consequential” (Simon, 1977, p. 46). The fundamental unity of Simon's
thinking is evident here, for organizations, like computers, are systems designed for "complex information
processing" (Simon, 1977, p. 15). The processing of information for decision is the key to the whole of Simon's
work. Programmed decisions obey computer programs or other programs that are computerizable, while non-
programmed decisions come under the heading of "problem solving" (Simon, 1977, p. 64-65). Thus,
programmed decisions can be modeled in DSSs whereas problems that cannot be modeled are outside the realm
of DSS. From these ideas stems the classical belief that semi-programmed decision are the real target of DSSs
and that DSSs must be interactive so the decision maker can complement the part of the model that is not
"structurable".

The issue of determining whether a decision lends itself to programming is at the core of the concept of
organizational learning, which then became widely investigated, in particular by March. The issue of
recognizing 'decision patterns' also emerged and led to 'case-based reasoning', which became a recurrent
research theme in artificial intelligence (Pomerol, 2001).

4. FROM SUBSTANTIVE RATIONALITY TO BOUNDED RATIONALITY

Initially, Simon adopted the generally accepted definition of rationality as the matching of means to ends. This
has been found to raise more problems than it solves as an individual can draw any conclusions from a false
premise and that any decision relying on an erroneous diagnosis may be found to be rational in some sense.
Simon (1983, p. 9-10) was aware of these problems and he stressed that a process can be rational though the
facts initially considered (the diagnosis in Pomerol, 1997) are false.

There has been considerable evolution in Simon's ideas between the first edition of his book and his most recent
comments (ABn, p. 163) in which he considerably qualified the relation between objectives and decisions by
showing how the objectives and the constraints are interchangeable in the role they play in defining problems.
This issue can be illustrated with a simple question: is the use of fewer raw materials in production an objective
or a means — or a constraint in supply procurement? Simon also emphasized that among the constraints, some
can become objectives at a given time in the management process, and return to being constraints at other
times, depending on the focus of the decision maker on one aspect or another. In an organization, an
intermediate objective often becomes a means. For example, if a firm's objective is to maximize profit, then the
objective 'increasing sales by 20%' may be represented as either a means or an objective. From this stems the
idea of organizational chains of means and objectives (ABo, p. 83), which further complicates the evaluation of
decisions. In his comments, Simon emphasizes (ABn, p. 161-162) that the multi-layered aspect of most
decision rules out optimization as a practical model for decision making. In DSSs, the designer is frequently
faced with this question: the constraints are a part of the model whereas the objectives depend on the decision
maker and his or her evaluation. The designer will therefore have to choose between two options in dealing
with each decision rule. This is an aspect of bounded rationality that Simon first referred to as "procedural
rationality” (Simon, 1976).

Later, Simon was led to focus on the limitations that apply to human cognition and to formulate a number of
assumptions which became the foundations of what, in 1955°, he termed "bounded rationality”. These can be
summarized as follows:

e it is impossible to assign probabilities to all events or even simply to enumerate all possible events and
their combinations;

e decision makers' preferences are not rational in the sense of maximization of a utility function. They
are in fact multicriterion and also changeable, meaning that it is impossible to spell out an overall
utility function for a given choice;

5 A behavioral model of rational choice, Quaterly Journal of Economics 69, 99-118, reprinted in Model of Thoughts
(Simon, 1979, Chap 1.1).
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e decisions spread out over time and, in organizations, form a chain in which, over time, sub-decisions
are not mutually independent, but can be taken at different times and levels using non-identical
criteria; furthermore, we cannot separate preferences, actions and objectives. As Simon (1983) stated:
“the fact that sub-decisions are taken locally using partial criteria obviously — and, I would add,
mathematically — counters any global optimization” (p. 18);

e available information is fundamental and very strongly affects decisions; this is particularly evident
when considering the (small) number of alternatives an individual is capable of contemplating.
Attention plays a considerable role in delimiting problems and affects the subsequent decisions in that
attention is a rare resource.

Simon concluded from these assumptions that managers must content themselves with sub-optimal or
'satisficing’ decisions. In practice, given these limitations, the decision process stops when decision makers
reach a solution that satisfies them within what appears to them to be the most probable hypothesis. This notion
of 'satisficing' tends to become more and more preponderant in Simon's work after 1960 as evidenced in Simon
(1983) for instance. The limited rationality of 1955 gradually gives way to 'bounded rationality' (Simon, 1972)
and is increasingly represented in an algorithmic form already present in 1955 as the 'satisficing rule’. This
algorithmic aspect highlights the sequential aspect and heuristic search nature of decision processes. This
development went hand in hand with Simon’s growing interest in artificial intelligence. The algorithmic aspect
of the bounded rationality can be summarised as the use of fast and frugal rules for 1) the heuristic search; 2)
stopping the search and 3) the choice (Gigerenzer, 2002).

As Simon’s thinking developed, cognitive limits, with the brain as a symbol processing system, became
increasingly important elements in bounded rationality. “In its simplest form, the theory of bounded rationality
is a theory of “how to live” in an infinite world, while disposing of very limited computational means (Simon,
1984, p. 595). Simon concluded that: “So long as human attention is a rarer resource than information, we
have to re-think our organizations in terms of attention management” (Simon, 1984, p. 590).

The notion of bounded rationality has had immense repercussions over the last 50 years as the first attempt at
setting up a scientific framework within which the real decisions of real decision makers in real organizations
could be studied against real efficiency criteria. In addition, this framework took into account the cognitive,
informational and reasoning limitations of individuals and we contend that bounded rationality is a description
and a representation of the way in which decisions are made in organizations. Subsequently, Simon frequently
opposed procedural rationality — the rationality that takes into account the limitations of the decision maker in
terms of information, cognitive capacity and attention’ — to substantive rationality, which is not limited to
satisficing, but rather aims at fully optimized solutions.

5. DECISIONS AND ORGANIZATIONS

Bounded rationality focuses on the individual's decision making within an organization, but in fact Simon was
mainly interested in organizational decision making and the duality stemming from the fact that, while it is
individuals who make decisions, it is meaningful for researchers to view organizations as having a life of their
own. This duality led March and Simon (ABn, p. 229) to investigate a number of key issues, including:

the relationship between individual preferences and the objectives of the organization;

the role and limits of authority and the hierarchy;
e channels of communication;
e departmentalization and decentralization in organizations;

e why people get involved with and remain in organizations (ABo, p. 157). This is central in the book
by March and Simon and leads to the notion of organizational equilibrium present in nearly all
Simon's books;

e the role of individual psychology in constructing the company culture;
e how the above factors impact on decision making.

Several aspects of Simon's vision are innovative. Firstly, authority and power are given their first serious
definition since Dahl and Crozier’s work (Jameux, 1984). Authority is defined as: the ability to make decisions

7 "The idea of limited, consequential rationality found in the book has become more or less standard in modern theories of
decision-making, at least outside the core of orthodox neoclassical economic theory" (On, p. 9)
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that engage the actions of people other than the decision maker (ABo, p. 179) and the power to arbitrate
between viewpoints when there is no consensus. This led Simon to investigate the extent to which a decision
made by top managers in the absence of a consensus is acceptable to subordinates and how this affects the
execution of such a decision. Simon called this 'the area of acceptance’.

Simon's approach was to investigate the interaction between the organization and its structures on the one
hand, and the behavior of the individual decision maker on the other hand. The idea was that the institutional
setting should enable the individual decision maker to take the right decisions for the organization. Thus for
Simon, the organization provides a setting which, by various means (definition of objectives and criteria among
others) affects the decision making of its members (Simon, 1977, p. 51). Such ideas have since led to the notion
of decentralization through objectives and, in a wider sense, of corporate culture. In connection with power,
mention should be made of the interesting notion of 'uncertainty absorption' (O, p. 187) which Simon defined
as reasoning from previously processed facts or intermediate conclusions rather than from the facts themselves.
This is a fundamental notion in the study of bureaucracies where decision makers have little contact with the
real world and make little attempt to collect fresh evidence from the field.

Secondly, Simon put forward the idea of the organization as a 'role system' (ABn, p. 230) - the role of the
organization and that of its people; and how each individual adopts their socially inherited role. Simon
attempted to understand how, through role playing, the institution channels individual behavior. The role of
groups and group-individual relationships are widely investigated in the book "Organizations", perhaps under
the influence of March. Subsequently, this theme of social pressure on the individual was to develop in the
themes of alienation and manipulation. However, unlike March, Simon always remained more of a
psychologist than a sociologist in his work on organizations. It was left to Cyert and March to bring the
fundamental contributions that inspired future generations to consider such problems as the avoidance of
conflicts, 'the control' of avoidance of uncertainty, organizational learning and problem-driven decision (see
e.g. Crozier and Friedberg, 1977).

Simon borrowed from Freud the notion of identification, which he considered from two points of view: the
identification of the individual with his personal role and his identification with the organization (the issues of
loyalty). For Simon, the processes of identification involves the personal share that the individual has in the
success of the organization, an acceptance of the philosophy of private enterprise and the value of success, and
finally, a key idea that managers’ decision making should be reduced to what is right for the organization
(ABo, p. 295). Simon's experiments (ABn, p. 296 ef seq.) showed that on the whole, accountants formulate any
organizational problem in accountancy terms, sales representatives in terms of sales, etc. This problem of the
selective perception and interpretation of stimuli according to existing schemes is also found in pattern
recognition and in the science of the artificial (Simon, 1981), but it is also important in economics, in
psychology and in sociology.

Throughout his work, Simon accurately anticipated, even before the World Wide Web became what it is now,
the stream of information of all kinds which organizations are facing. For organizations the most critical task is
not to search for or to generate still more information but to filter it so that it does not exceed their processing
capacities (Simon, 1977, p. 108). For managers, a similar problem arises, and hence the importance of
intelligent 'interactive decision support system' filters. Even today, this serves as a justification for the field of
DSS as a key area of scientific research.Citations should be in Harvard style. This involves references to White
(1979) or to a publication (White 1979). Multiple authors (three or more) are referred to as Black et al. (1982).
Multiple publications by the same author within the same year are differentiated as Grey (1983a, 1983b).
Where the author is unknown, or is an organisation, an appropriate surname or organisation name or acronym
is used. e.g. (IFIP 2002).

6. DISCUSSION

6.1 Management and decision making

Simon’s views about post-industrial society, the utmost importance of information and the role of the manager
as a decision maker have been largely confirmed and are still central in DSS research and practice (Power,
2003). Furthermore, the need for more research on the links between action and decision called for by Simon
still applies today. In particular, the issue of whether action is the last step of decision and should be included
in the process is still unresolved. This may mean that DSSs should not be only deliberative but also decisive. It
is our experience that most of the time they are not and that decision makers remain absolutely necessary
because action (in a social framework) is also intention and commitment. Even March who is more sensitive to
social aspects than Simon does not develop these ideas much. For DSS design, this means that current systems
are not sufficiently tailored for supporting action.
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6.2 Decision process

Today, there is wide agreement that the decision process cannot be reduced to choice (Langley et al., 1995),
and the role of information and the building of possible alternatives are widely regarded as critical. Lewis
(1991) noted that nearly 75 % of authors of information system manuals adopt Simon's decision phases as a
unifying thread. It is also broadly believed that managerial decision processes depend on information and the
organization as well as on the individual decision maker (eg: Berkeley et al., 1998). DSS designers must
endeavour to grasp the implications of these ideas because for a long time decision support unduly focused on
the moment of choice. It is relatively recent that some DSSs and EISs address the information gathering phase
by aiding the decision maker in data miming and extracting information from databases and data warehouses,
by proposing better interface designs to help managers searching. Thus, in Power’s (2003) typology, at least
three on five types of DSSs focus on information and data: Data-Driven DSS, Knowledge-Driven DSS and
Document-Driven DSS. In addition, reviewing decision and learning from them have not truly been considered
by DSS designers and are to be found in the realm of artificial intelligence. Only experimental case-based DSSs
attempt to improve their decision process through use.

The notions of heuristics search and "satisficing" decision have been widely adopted by DSS researchers.
Interactive searches, reference point methods, local searches, etc, generally invoke Simon as a source of
inspiration. Interactive DSSs, for instance, generally perform a heuristic search directed by the decision maker
who progressively elicits his preferences, and stop at the first "satisficing" decision they find (Pomerol and
Adam, 2003a).

On the other hand, DSS design still faces an uphill struggle in relation to the design of possible alternatives in
decision making as most DSSs treat alternatives as given and unchangeable. This is a difficult topic, mainly
because alternative building follows a top-down process along the representation levels: starting for very
general ideas, progressively refined towards lower level representations and towards action (Humphreys and
Berkeley, 1985; Lévine and Pomerol, 1995; Pomerol and Adam, 2003b).

A final issue deserves consideration in assessing Simon’s contribution to the DSS field: whether the very
famous distinction between programmed and non-programmed decision has proven useful. We think that it
could be advantageously replaced by a more easily operationalisable differentiation between automatic and
interactive DSSs. It may not be very significant to say whether a DSS addresses non programmed decisions,
whereas it is clearly observable that in some cases the designer is unable to produce a complete model -
especially for choice (Pomerol and Adam, 2003a) - and that the human decision maker consequently remains a
key element in the process.

6.3 Bounded rationality

In section 3, we reviewed the key aspects of bounded rationality. There is some agreement that the behavior of
human decision makers has been well captured by Simon. However, divergences occur about the applicability
of this model (eg: Rubinstein, 1998). Bounded rationality is a fuzzy concept and as such it is not clear exactly
how it should be used, given its highly subjective nature: how can an alternative be adjudged to be satisfactory
by somebody other than the decision maker? The rational procedure of searching for a good alternative
(heuristic search) is without doubt the most practically applicable part of the concept. Bounded rationality tells
us that collective utility functions and many so-called optimizations are no more than hot air: we often hear top
managers, politicians and technocrats claiming that they have made the best possible decision for the common
good, a rather ambitious claim which assumes a God-like knowledge of a hypothetical collective utility
function and — above all — of future events.

Simon undoubtedly thought that maximization is nonsensical, due to:
e lack of knowledge of probabilities
e  multilevel, multi-stage, multi-criteria decision process
e the fact that the preferences are not exogenous to a decision
e  attention is a scarce resource

Then, it is perhaps surprising that Simon rarely refers to risk and its evaluation. Numerous experiments and
much research on how people choose in risky and uncertain situations were by other researchers — eg Tversky
and his students and followers, who developed most of our knowledge on decisional bias (cf. overviews in
Kahneman et al., 1982; von Winterfeld and Edwards, 1986; Bell et al., 1988; Piattelli-Palmarini, 1995; and
Kahneman and Tversky, 2000).

653



Practical Decision Making — From the Legacy of Herbert Simon to Decision Support Systems

On the one hand, although researchers have considered the influence of individual traits in decision making,
very few DSS studies refer to decision bias and are focused on specific aids to overcome them. In particular,
although it is clear that human processing of risk (e.g. probabilities) is very poor, very few attempts have been
made to tackle the problem. In addition, DSSs are still individual and even if groupware decision has been
intensively studied over the last fifteen years, we still do not see DSSs as social devices and almost no research
exist on the impact of decisions and on the structure and behavior of organizations.

The second main field opened up by bounded rationality is multicriterion decision making and, more generally,
the extension of operational research (‘optimizing in essence') towards artificial intelligence (Simon, 1987).
The use of heuristics and the so-called local methods in O.R. owe much to the impetus given by Simon and his
students. A multiplicity of criteria and the resulting non-optimization are among the features of bounded
rationality that contributed to the rapid development of multicriterion decision. The multicriterion aspect has
always been present in bounded rationality, with 'partial ordering of payoffs' as a consequence (Simon, 1955).
This multi-dimensional character is the result either of having a large number of incommensurable objectives
(Simon, 1967), or of the fact that several individuals are involved in a group decision. This led Simon to
conclude that the quest for a global optimum did not make sense. On this point Simon has had much following
and multicriteria DSSs are now commonplace.

The two remaining aspects of bounded rationality that led to further research are the question of the endogeny
of the preference and the problem of limited attention. In DSS research and practice, the former has been
solved by letting the decision maker express his preference using interactive features of the system, while the
latter has been addressed by developing simple easy to handle systems rather than involved systems. This is
illustrated by the shift from DSSs with relatively sophisticated models to EIS, with few modelization and very
effective displays.

6.4 Decisions and organization

Beyond bounded rationality, the impact of the work of Simon and March on sociology has been crucial. By
rehabilitating the sociology of organizations and considering the interaction between the behavior of the
individual and the structure of organizations and decision processes, they also totally renewed business
economics, showing that a scientific approach was possible with proper experiments and measurements. The
most inspired part of the work of Simon is probably his reflection on how we account for the behavior of the
individual within the collective behavior of the firm.

Simon, especially in collaboration with March, paved the way towards the notion of organizational learning
and all subsequent investigations in this area. Some ideas that arose from their work include the notion that the
structuring of decisions leads to the creation of routinised processes and the issue of how organizations create
their procedures and maintain them. What is the knowledge of an organization and how is it acquired and
maintained, remain critical research questions that still fuels much debate and questioning (cf. Zacklad and
Grundstein, 2001 for recent references).

Organizational learning and knowledge management have received a large attention in decision making
research (as illustrated by the themes of previous IFIP 3.3 conferences). Information Systems such as data
warehouses now frequently underlie DSS building. Learning, however, is not reduced to knowledge
accumulation, but also encompasses rules, procedures and routines generation. This last aspect is not well
studied and although some rule extraction methods have been proposed (statistically based or using more
qualitative methods in artificial intelligence), it is still not well spread in the DSS field.

Lastly, Simon’s contribution must be examined in light of his work with Cyert and March and their book "A
Behavioral Theory of the Firm" (1963). As the title suggests, this is about re-introducing human behavior into
theories of the firm. This work led to the concept of transaction cost (reflecting the fact that information and
time have a price) which earned Coase the Nobel Prize (Coase, 1988), agency theory and new ideas on the
concept of firm illustrated by the work of Williamson on contractual and transactional analysis in firms.
Williamson analyzed the behavior of agents as decision makers with bounded rationality. This led him to
discuss the firm as opposed to the market in terms of adaptation to changes in the environment and speed of
reaching a decision® (Williamson, 1991).

8. CONCLUDING COMMENTS

Thus, Simon's legacy is considerable. In the four fields mentioned above, Simon was a forerunner whose work
is still central today. His ability to collaborate with others and his gift for communication, borne out by the

8 A good review of these theories can be found in Coriat et Weinstein (1995).
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large number of co-authored papers - over 80 in all (Simon, 1991, p.387) — made him a great source of
inspiration for many and ensure his place in posterity. It is worth to note that despite the uncertain aspects of
the fields of management and decision (particularly as they were in the 40s and 50s), Simon always managed to
stick to facts and, in his own words, to accept nothing that cannot be upheld by the facts. Though a champion
of bounded rationality, Simon was a rationalist himself. As March puts it (quoted in Weil, 2000, p. 35):
"Herbert Simon is an unrepentant knight of the enlightenment. Not Freud, but Descartes [....] He studies the
limitations of reason in the name of reason". Bounded rationality is not the absence of rationality, but rather the
question of what one can do that is rational without full knowledge of the facts. This is why Simon is often
described as 'an enlightened man'. Certainly an enlightened man, but also a true scientist.
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Abstract

Herbert Simon’s research endeavor aimed to understand the processes that participate in human
decision making. However, despite his effort to investigate this question, his work did not have the
impact in the “decision making” community that it had in other fields. His rejection of the assumption
of perfect rationality, made in mainstream economics, led him to develop the concept of bounded
rationality. Simon’s approach also emphasized the limitations of the cognitive system, the change of
processes due to expertise, and the direct empirical study of cognitive processes involved in decision
making. In this article, we argue that his subsequent research program in problem solving and expertise
offered critical tools for studying decision-making processes that took into account his original notion
of bounded rationality. Unfortunately, these tools were ignored by the main research paradigms in
decision making, such as Tversky and Kahneman’s biased rationality approach (also known as the
heuristics and biases approach) and the ecological approach advanced by Gigerenzer and others. We
make a proposal of how to integrate Simon’s approach with the main current approaches to decision
making. We argue that this would lead to better models of decision making that are more generalizable,
have higher ecological validity, include specification of cognitive processes, and provide a better
understanding of the interaction between the characteristics of the cognitive system and the

contingencies of the environment.

Keywords: decision making, expertise, problem solving, bounded rationality



Introduction

Herbert Simon was one of the most important researchers in the field of behavioral studies in
human decision making, and indeed all his research was aimed at understanding this phenomenon.
However, despite his effort to investigate this question, his work did not have the impact in the
“decision making” community that it had in other fields. In this article, we would like to show that an
important research line carried out by Simon to understand decision making — his research on expertise
— has been neglected by the mainstream decision-making research community.

Given that expertise participates in numerous human behaviors, it is not surprising that Simon's
approach touches on different areas of psychology (e.g., perception, memory, imagery, and thinking).
Simon's expertise approach is thus rarely considered an attempt to study decision-making processes,
and the aim of this article is to correct this misperception by showing that these two approaches are in
fact integrated. We propose that Simon’s approach to decision making essentially consisted of three
main assumptions: first, decisions are not performed by agents with perfect rationality, they are made
by agents with bounded rationality; second, the quality of decisions vary as a function of the expertise
of the decision maker; third, to understand decision making, it is paramount to investigate the cognitive
processes involved; that is, an analysis based on performance only is not sufficient.

In the following section, we present Simon's rejection of the notion of perfect rationality, his
proposal of bounded rationality and his conception of a research program for decision making.
Following this, we briefly review the field of decision making in psychology that adopted Simon's
conception of bounded rationality but not his research program. After that, we present the work of a
few researchers that related the notions of expertise and decision making but did not follow Simon’s
approach. Then, we expound how research in Simon’s tradition could shed some light into three

unresolved issues in decision making: the cognitive system, the role of search, and the status of



heuristics. Finally, we put forward a proposal aimed at integrating the fields of decision making and

expertise.

Bounded Rationality

A key assumption of positive theory in economics is that the economic actors maximize utility,
and in order to do that, they must be perfect rational agents. This means that the end result of their
decisions would be the same as if they were using the rules of logic or probability perfectly, or if they
were carrying out a full cost-benefit analysis with all the options available. Economic theorists do not
assume that all the economic agents produce the same end results, but they avow that departures from
rationality are rare when the stakes are significant, or that non-maximizing agents would disappear
because they would not survive in a market (Kahneman, 2003). The problem with this view of the
rational agent is that it has never been supported experimentally. On the contrary, when behavioral
economists and psychologists tested the predictions of perfect rationality theories, they found that the
behavior of economic agents is systematically different than what is expected by the rational agent
view (e.g., Baron, 2008; Kahneman & Tversky, 1979, 1984; Tversky, 1969; Tversky & Kahneman,
1981).

Simon (1955, 1956, 1957) strongly criticized this view of perfect rationality; instead, he argued
that humans have a bounded rationality. He suggested that the complexity of the environment and
humans’ limited cognitive system make maximization all but impossible in real-life decision-making
situations. Simon proposed that people do not maximize, instead they “satisfice.” This means that
people have an adequacy criterion to decide whether an alternative is satisfactory, and that they choose
the first option that fulfils this criterion. Hence, people do not evaluate all the available options and
they do not carry out a full cost-benefit analysis of the possible options. To satisfice is to choose a good

enough option, not the best option. Limitations of the human cognitive system, as well as limitations in

4



accessing relevant information, do not allow people to make perfectly rational decisions. Contrary to
what is assumed by mainstream economic theory, the adequacy criteria that people use are not fixed,;
rather, they vary according to the level of expertise of the decision maker, the characteristics of the
environment, the attributes of the task at hand, and the current state of search, including the information
that has been gained so far. This theory of bounded rationality states that decisions can be made with
reasonable amounts of calculation, and using incomplete information. Hence, relatively good decisions
can be made without the need of analyzing all the alternatives, which in most situations is impossible.

Having set the ground for bounded-rationality theories, Simon proposed two research
endeavors. First, to test in the psychological laboratory and in the field whether people in relatively
simple decision-making situations behave as decision theory predicts. Second, to carry out
psychological experiments in order to scrutinize the detail of human decision makers’ actual processes.
The first enterprise was taken up by behavioral economists and, in psychology, by Tversky and
Kahneman, who were also inspired by Edwards’s (1954) introduction of decision theories to
psychology. Newell, Shaw and Simon (1958; see also Newell & Simon, 1972) popularized the second
endeavor. They asked participants to solve problems, and at the same time to say out loud what they
were thinking of.

Simon’s legacy in how to investigate decision making is threefold. First, human decisions
should not be assumed a priori to follow logical, statistical or any other formal models; rather, they
should be investigated empirically. Second, there are three factors to take into account in decision
making: the type of task; the characteristics of the environment; and the distinct features of the
cognitive system that makes the decision. The latter includes the previous knowledge or expertise of
the decision maker. Third, only in conjunction with the collection of empirical data should formal
computational models of decision-making processes be developed, and their predictions should be
compared with human behavior.

In the following section, we briefly review the research field commonly identified with



decision- making research, which has specialized journals such as Journal of Behavioral Decision
Making and Judgment and Decision Making. This important research field mainly followed the first
component of Simon’s approach — the empirical study of decision making — but did not pay much
attention to the role of expertise in decision making and the direct investigation of the processes that

participate in making a decision.

The Field of Decision-Making Research

Simon's rejection of formal decision making models of economic theory inspired researchers in
psychology to develop research programs to study decision making empirically. The most important of
these endeavors was Tversky and Kahneman's approach, which we call here “biased rationality.” After
presenting this approach, we discuss two approaches under the term “ecological rationality” — rational
analysis and the fast and frugal approach. These approaches were also inspired by Simon's views, but

they disagreed with Tversky and Kahneman's pessimistic view of rationality.

Biased Rationality

Tversky and Kahneman agreed with Simon that economic agents are not perfectly rational. But
while Simon focused on studying the processes of the cognitive system in order to develop a bounded-
rationality theory of decision making, Tversky and Kahneman’s tested the predictions of perfect
rationality theories. In their prolonged research program, they were able to show many ways in which
people systematically diverge from what would be expected by maximization theories.

Tversky and Kahneman’s approach was also influenced by Edwards’s (1954, 1962) views on
decision theory. Edwards, Lindman, and Savage (1963) had proposed that the assumption in economics
that human beings follow Bayes theorem in their probability judgments might have been misleading.
Edwards researched on how to improve decision making by using tools such as decision analysis

(Phillips & von Winterfeldt, 2007), whereas Tversky and Kahneman’s dedicated their efforts to test



whether humans make probability judgments following Bayes theorem. Tversky and Kahneman
showed that people, when dealing with options or outcomes, pay attention to irrelevant features, to the
point that this affects their preferences. For example, the way in which a piece of information is
presented affects the alternative chosen by people (Tversky & Kahneman, 1981; McNeill, Pauker, Sox
& Tversky, 1982). This phenomenon was called the framing effect and violates a tenet of perfect
rationality: extensionality (Arrow, 1982), also known as invariance (Tversky & Kahneman, 1986).

Tversky and Kahneman also investigated decision making under risk. The prevailing perfect
rational model in this field is Expected Utility Theory (EUT). The first EUT model, proposed by
Bernoulli (1738/1954), postulates reference-independence: it “assumes that the value that is assigned to
a given state of wealth does not vary with the decision maker's initial state of wealth” (Kahneman,
2002, p. 460). Kahneman and Tversky (2000) showed that decision makers take into account gains and
losses instead of considering only states of wealth; therefore, contrary to Bernoulli’s model, the initial
state of wealth affects choice. They proposed a different model called Prospect Theory (Kahneman &
Tversky, 1979), in which preferences are reference-dependent: utility is linked to changes in wealth
instead of states of wealth. The model describes a value function that favors risk aversion for gains and
risk seeking for losses (Tversky & Kahneman, 1992).

Tversky and Kahneman also studied judgments about uncertain events, and in particular the
way people use numbers when making predictions and assess diverse types of probability (see Tversky
& Kahneman, 1974, for a review). In the same vein as Simon’s concept of bounded rationality, they
proposed that people cannot really carry out the tasks of correctly making numerical predictions and
calculating probabilities, and that they cope with the complexity of these tasks by using heuristics.
Sometimes these heuristics are useful, but sometimes people make critical and systematic errors or
biases. For this reason they called this research program “heuristics and biases approach” (Kahneman,
Slovic, & Tversky, 1982). In their early works they identified three heuristics — representativeness,

availability and anchoring — and a dozen of systematic biases. They proposed that these heuristics



explain the type of judgments of probability or frequency that people make. The biases are not random
errors, which perfect rational theories accept; instead, they are errors that follow a particular pattern.
The importance of Tversky and Kahneman’s research program is beyond doubt. They
succeeded in showing that the perfect rationality models criticized by Simon do not pass the test of
empirical research. They also proposed alternative models based on their own research. The impact in
economics is more difficult to assess. On the one hand, Kahneman was awarded the Economics Nobel
Prize in 2002 (Tversky had passed away by 2002); on the other hand, perfect rational models are still
the prevailing models in economic analysis. Our criticism of Tversky and Kahneman’s approach is that,
although they did carry out research with experts (e.g., Redelmeier, Koehler, Liberman & Tversky,
1995), they did not take into account the results obtained by researchers that followed Simon’s
expertise approach. Probably as a consequence of this, Tversky and Kahneman proposed models of
bounded rationality that assume that human cognition is fixed. They did not give importance to the
capacity of experts, documented in the expertise literature, to improve their heuristics and other kinds
of knowledge. As we shall see in the next section, Tversky and Kahneman’s research program has been

criticized on other grounds as well.

Ecological Rationality

While the biased rationality view dominated behavioral research in decision making in the 70s
and 80s, many researchers started to feel disappointed with the view that humans make systematic
mistakes and therefore are irrational. Contrasting with this view, a number of researchers emphasized
that humans adapt very well to their environment; hence, they could not be that irrational after all. We
present two approaches that follow this view: rational analysis and fast and frugal heuristics.

Rational analysis was initiated by Anderson (1990, 1991). Its starting point is the evolutionary
view that the cognitive system is adapted to the environment. Therefore, formal logic cannot be used as

the standard for evaluating the quality of decisions. Instead, one has to specify the problem for which



the cognitive system is adapted to solve, and then construct a model of its environment. Moreover,
rational analysis assumes minimal computational limitations of the cognitive system. Taking into
account the characteristics of the environment and the cognitive system, rational analysis involves
deriving an optimal behavioral function and testing its predictions with empirical data. This approach is
becoming increasingly popular (e.g., Oaksford & Chater, 2009). However, some of its assumptions go
against the spirit of Simon's approach. First, rational analysis does not provide a theory of processes
that lead to the achievement of goals. Second, it can only apply to situations in which an optimal
solution can be found (Chase, Hertwig & Gigerenzer, 1998). As the optimal model of behavior is
mathematical and not psychological, it is a model of how behavior should be rather than what it is. And
third, by assuming optimization, rational analysis is at variance with Simon’s view that adaptation is
not necessarily optimization (e.g., Simon, 1969).

Gigerenzer (19964, b) initiated the fast and frugal heuristics approach to decision making. He
criticized Tversky and Kahneman’s heuristics and biases approach in, at least, three aspects: first, use
of probability, statistics, and logic as norms of rationality; second, lack of importance of the
environment; and third, under-specification of heuristics (see Gigerenzer, 1996a; Gigerenzer &
Goldstein, 1996). For example, Gigerenzer (1996a) argued that heuristics (e.g., representativeness)
“remain vague, undefined and unspecified with respect both to the antecedent conditions that elicit (or
suppress) them and also to the cognitive processes that underlie them” (p. 592). Gigerenzer also stated
that the norms used by Tversky and Kahneman to test rationality (e.g., Bayesian theorem) are too
narrow.

Gigerenzer was inspired by Brunswik’s (1955) functional psychology and by Simon’s notion of
bounded rationality. Brunswik (1955) stated that humans make judgments (e.g., the salary that a
particular person earns) based on proximal cues of the environment (e.g., name of the company in
which that person works). The accuracy of a judgment depends on one’s skill in weighing cues

appropriately and how well the cues predict the parameter to be judged. Regarding Simon’s influence,
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Gigerenzer and Goldstein (1996) stated that there are two main factors in Simon’s rejection of perfect
rationality. First, humans have cognitive limitations (e.g., Simon, 1947); and second, minds are adapted
to real-world environments (e.g., Simon, 1956). They affirmed that psychological researchers focused
on the cognitive limitations but almost ignored the adaptation of the individuals to the environment. For
example, Tversky and Kahneman’s approach used simple and unrealistic tasks in order to test the
rationality of the individuals. Gigerenzer considers that this is misleading: participants’ rationality
should be tested in real-world tasks because they are adapted to the real world and not to unrealistic
situations.

Gigerenzer’s approach to decision making systematically addressed the three criticisms to the
biased rationality research program we have just mentioned. Instead of using probability, statistics and
logic as a norm of rationality, he considered that the parameter of rationality is how well a cognitive
process helps an individual to adapt to the environment. For example, he asked participants which of a
pair of cities have a larger population. Gigerenzer and Goldstein (1996) suggested that the use of this
task also addresses the issue of the environment. An educated guess of a particular characteristic of the
environment (e.g., the population of a given city) based on incomplete information is what epitomizes
human rationality. Human beings are adapted to their environment only if they are able to perform
these types of educated guesses.

Goldstein and Gigerenzer (2002) also addressed the issue of under-specification of heuristics.
Their proposal was that heuristics should have a number of ecological characteristics such as being fast
and frugal, which gives the individuals skills to survive in a continuously changing environment. One
of the heuristics they proposed was the recognition heuristic, for which they produced a computational
model. Compared with statistical models (e.g., multiple regression), the computational model of the
recognition heuristic fitted the human data better in some tasks.

Finally, Gigerenzer’s approach revived Simon’s proposal of studying both the characteristics of

the cognitive system and those of the environment, and also dovetailed with Brunswik’s ecological
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approach. He also specified the proposed heuristics formally, which is an important improvement in
comparison to the under-specified heuristics proposed by Tversky and Kahneman. However,
Gigerenzer’s approach has recently faced a number of criticisms. Dougherty, Franco-Watkins and
Thomas (2008) stated that some assumptions of the priority heuristic (one of the “fast and frugal”
heuristics proposed by Gigerenzer) are flawed. Birnbaum (2008) avowed that this heuristic does not fit
risk decision data properly. Rieger and Wang (2008) stated that the priority heuristic is an "as if" model
and not a model of what goes on in people's cognitive systems. Therefore, in this respect, it is not an
improvement compared to Prospect Theory or Expected Utility Theory, which are assumed to be "as if"
models. Finally, Johnson, Shulte-Mecklenbeck and Willemsen (2008) recognize that Gigerenzer
proposed process models but argue that he tested them with product data (i.e., data obtained at the end
of the task, such as decision choices) instead of using process data (i.e., data obtained during the entire
task, from the beginning to the end, such as eye movements).

Our own criticism to Gigerenzer’s approach is that, although he carried out research with
experts (e.g., Gigerenzer, 1996b; Hoffrage, Lindsey, Hertwig & Gigerenzer, 2000), he did not use the
potential of Simon’s expertise approach. In the expertise approach, both the cognitive system and the
environment are independent variables that adopt different levels. Gigerenzer used ecological
environments (which is a positive aspect of his approach) but did not vary them. Consequently, the
importance of fast and frugal heuristics might be an artifact of the range of tasks and individuals used
in these experiments. In other words, decision making is likely to require more than fast and frugal
heuristics, in particular when expertise increases.

In sum, we claim that the approaches presented above focused on only one of the aspects of
Simon’s approach: the empirical study of decision making. However, they did not study variations in
decision-making ability due to expertise and they did not investigate directly decision-making
processes. In the following section, we describe an attempt by decision-making researchers to focus on

the role of expertise in decision making.
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Decision Making and Expertise

Within the field of decision making, there have been two ways in which decision making and
expertise have been related. In the first approach, researchers studied how experts make decisions. In
the second approach, researchers investigated whether people can be experts in making decisions. In
other words, they tried to determine whether decision-making expertise or competence (as opposed to

expertise in a specific domain) exists.

How Experts Make Decisions

Klein (1989, 1998) and other authors (see Klein, Orasanu, Calderwood, & Zsambok, 1993)
developed the naturalistic decision making approach, which consists of studying real-world decision-
making behavior. In particular, they studied the decisions made by experts under time pressure. This
approach has shed important light on the question of decision making. A striking result is that experts
can understand problem situations and make decision rapidly, in a matter of seconds. With routine
problems, these decisions tend to be the correct ones, or at least reasonable ones. This phenomenon —
often referred to as intuition — was first documented with chess masters (De Groot, 1946), and then
uncovered in domains as different as physics (Larkin, Mc Dermott, Simon, & Simon, 1980), nursing
(Crandall & Getchell-Reiter, 1993), management (Patton, 2003), fire fighting (Klein, 1998), and
decision making in combat situations (Klein, 1998), to mention just a few. It is generally accepted that
this rapid decision making is made possible by the perceptual knowledge that experts have acquired
over years of practice and training (Chase & Simon, 1973, De Groot, 1946, Gobet & Chassy, 2008,
2009). Klein (1998) goes as far as claiming that, in certain domains and situations, experts consider
only one course of action that they carry out, thus not even choosing among two or three possible
options. Obviously, this is contrary to what is taught by expected utility theory.

This approach has proven successful in the industry. (In fact, Klein founded an institute focused
on applications of his decision-making framework.) On the other hand, it was criticized for its lack of
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formal models of internal processes (see Herbig & Glockner, 2009). It is paradoxical that there are so
few cross-citations between Klein and Gigerenzer, given that both approaches stress the importance of
studying ecologically valid phenomena. It could be argued that Gigerenzer provided the formal models
and laboratory data and Klein the real-world data.

As we have seen, Klein studied experts in the field, but this was not the first attempt to do
research with experts. For example, Hammond (1955) carried out a study in which clinical
psychologists had to estimate the 1Q of 78 people measured with the Wechsler-Bellevue test using as
cues the responses of those people to a Rorschach test. Hammond interpreted these data and those of
subsequent studies using Brunswik’s (1952) lens model. One of the most important findings was that
the judgment of professionals could be predicted using simple multiple-regression models rather than
by models postulating sophisticated thinking processes. Like Tversky and Kahneman’s, this approach
to decision making presented a pessimistic view of the human kind: we are not rational. Even worse,
experts — who are supposed to reside in the pinnacle of rationality — are not reliable.

In a review of the literature, Shanteau (1989) stated that experts’ judgments lack in validity
(Oskamp, 1965) and reliability (Trumbo, Adams, Milner & Shipper, 1962); that experts’ ability does
not correlate with their amount of experience (Meehl, 1954); that they have deficiencies in calibration
(Christensen-Szalanski & Bushyhead, 1981) and in coherence (Chan, 1982); and that they do not use
all the relevant information (Goldberg, 1970). In a way of reconciling the conclusions of the previous
studies with experts and the ones realized by Simon’s approach (in which experts outperform novices
in many tasks) — Shanteau (1992) emphasized the role of task characteristics in expert performance
using his Theory of Expert Competence. Shanteau proposed that experts make competent judgments in
tasks that have clear-cut characteristics. These tasks tend to be static (rather than dynamic), which
makes it possible for experts to know what constitutes important stimuli. They can be decomposed into
sub-problems, which increases their level of predictability. They also tend to be repetitive, and while

errors will happen every so often, this is compensated by the fact that it is possible to obtain feedback
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and to carry out an objective analysis of the task. Finally, decisions are about things, rather than
behavior, and decision aids can be used. On the other hand, experts do not make competent judgments
in tasks that have the opposite features.

There are two main features of this approach that greatly contribute to the understanding of
human decision making. First, like Simon’s expertise approach, experts participate in its studies.
Investigating the decisions that experts make in their own domains of expertise — rather than studying
the decisions that university students make in unfamiliar domains — is ecologically more valid. Second,
it tests issues of rationality in decision making at the right level. A university student may make an
incoherent or unreliable decision regarding a specific topic, but that does not mean that humans are not
rational. On the other hand, if experts make incoherent or unreliable decisions in their own domain of
expertise, then this can be seen as a telltale sign of lack of rationality. Furthermore, Shanteau’s analysis
of the tasks in which empirical data were obtained helps to understand why experts are more competent
in some domains than in others.

Yates and Tschirhart (2006) criticized Shanteau (1992) for considering that experts are those
who are named as such by a community, instead of somehow measuring the degree of expertise of
people in a representative task. Moreover, those investigators also criticized the small sample sizes of
the studies. Our criticism to this approach is that it makes inferences about the cognitive processes
involved in decision making based on experts’ judgments, but it does not collect the type of process
data, such as think-aloud protocols and reaction times, that are crucial for testing process theories
(Johnson et al., 2008; Simon & Gobet, 2000). The presence of process data would help the
development of less speculative inferences about decision-making processes. Moreover, the proposed

cognitive processes are not formally specified in computational models.

What Makes an Expert in Decision Making?

There is increasing interest in determining what makes an expert decision maker. Stanovich and
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West (2000) showed that good solvers of reasoning problems tend to be better in tests of cognitive
ability. This is an important result because the ecological approach to decision making claimed that the
paper and pencil reasoning problems are not good tests of good thinking in the real world. Stanovich
and West (2000) claimed that the fact that those who make decisions according to formal models tend
to be more intelligent, is an indication that following formal models is a hallmark of rationality. This
view was criticized by Sternberg (2000), who stated that it is not surprising to find correlations between
IQ tests and reasoning problems, since 1Q tests include reasoning problems.

In the same direction of research, Frederick (2005) developed a “cognitive reflection test.” This
test consists of three problems, the solutions of which are counter-intuitive and in which there are
intuitive (but incorrect) possibilities that the subjects have to refrain from giving as a response. He
found that there is a correlation between this test and the choice of “good” options in typical preference
tasks such as risk preferences (e.g., Kahneman & Tversky, 1979). Just like Stanovich and West (2000),
Frederick (2005) proposed that the fact that the participants that are good at solving counter-intuitive
problems also tend to choose the presumably good options in preference tasks, is a suggestion that
paper and pencil artificial decision-making tasks are good indicators of rationality in decision making.

In related research, Parker and Fischhoff (2005) elaborated a decision-making competence test
and evaluated it with a sample of young males. This test contains a number of typical decision-making
tasks that tap four components of decision making: belief assessment, values assessment, integration of
beliefs with values in order to identify choices, and metacognition (Edwards, 1954; Raiffa, 1968). The
authors looked for validation of this laboratory test with measures of good decision making in real life
and with cognitive tests. They found that people who score high in the decision-making competence
test also score high in cognitive ability tests, tend to have constructive and introspective cognitive
thinking, belong to more intact social environments, and engage in fewer maladaptive risk behaviors.
Bruine de Bruin, Parker and Fischhoff (2007) took up the previous study, improved the internal validity

of the test and used an adult sample of men and women. They found that decision-making competence
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was positively correlated with cognitive ability, socio-economical status, and avoidance of bad decision
outcomes. In another study, Parker, Bruine de Bruin and Fischhoff (2007) found that people who score
high on the decision-making competence test tend to be “satisficers” (in Simon’s terms) rather than
“optimizers.”

The decision-making competence test gives an aggregate score and also provides scores in
seven subtests that, as mentioned earlier, tap four decision-making skills. The analysis of decision
making into components was also carried out by Yates and Tschirhart (2006), with the same purpose of
identifying indicators of expertise in making decisions. They suggested that the two criteria that are
usually considered to determine decision-making expertise — performance and coherence — have
problems. Rather, they proposed a process-decomposition perspective, which consists in evaluating ten
components of the overall decision-making process, instead of evaluating only the outcome of such
process. Yates and Tschirhart (2006) suggested that there are some indications in previous literature of
specific behaviors that contribute to decision-making expertise. Nevertheless, they stated that, overall,
their review showed that much is still unknown about those behaviors. We agree with their conclusion
but we are surprised how little of Simon’s approach is considered in their review. They only mentioned

a contribution of Simon’s work to the “investment” component, but there is no acknowledgement of his
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contribution to the “options,” “possibilities,” “judgment,” and “value” components for which Simon’s
investigation of search processes is very informative.

Reyna and Brainerd (1991) proposed a developmental study of decision making. Although it is
not strictly an expertise approach, it is in the spirit of Simon’s approach as it investigates the change of
decision-making skills. Their research findings do not match those of Stanovich’s and Parker’s research
groups. Instead of finding a correlation between capacity measures and reasoning, they found
independence. In order to account for this discrepancy, they proposed the fuzzy-trace theory (Reyna &

Brainerd, 1995). This theory states that there are two types of memory representations: verbatim and

gist. Memory tests usually rely on verbatim representations whereas the reasoning tasks rely on gist
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representations. They also proposed that there is a progression from analytical verbatim-based
reasoning to intuitive gist-based reasoning from children to adults and from novices to experts (see
Reyna, 2004).

This section showed the interest of investigators in studying the issue of expertise in decision
making, either by studying experts making decisions or by correlating the performance in typical
decision making tasks with other measures. In the following section, we will present Simon’s full
approach for the study of decision making which includes the examination of expertise, the assumption

of limitations of the cognitive system, and the direct investigation of cognitive processes.

Simon’s Decision-Making Approach

Simon’s rejection of the formal models of economic theory made him adopt the methods of an
experimental science: psychology. Not only did Simon move to psychology to answer economic and
organizational issues, but he also revolutionized psychology by the introduction of the information-
processing paradigm. This led to the so-called cognitive revolution in the 1950’s (see Gardner, 1985,
for description and discussion of the cognitive revolution). Since the cognitive revolution, psychology
added to its experimental tradition the use of computational formal models of cognitive processing.
These models are developed and tested to account for the human data obtained in experiments.

In order to understand, with an experimental approach, how (economic) agents make decisions,
Simon and colleagues utilized puzzles (e.g., the Tower of Hanoi). They asked participants to solve a
particular puzzle while thinking out loud. The think-aloud protocols obtained by this method were used
to look for typical patterns in the thinking process. The main characteristic of the puzzles was that there
was always an initial state and a well-defined goal state that the problem solver had to attain. From the
initial state to the goal state there are a number of intermediate states that vary in number according to
the difficulty of the task. Newell and Simon (1972) found that participants do not explore all the

problem space — the number of states is often simply too large to enable this. Instead, participants use
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strategies that allow them to reduce the number of states they have to explore to reach the final state.
Newell and Simon called these strategies heuristics. Heuristics are “rules-of-thumb” that do not
guarantee the solution of the problem, but are frequently successful and save much time and effort. One
of the most important heuristics proposed by Newell and Simon was means-end analysis. This heuristic
consists of creating a sub-goal that would reduce the difference between the current state and the goal
state, and then selecting the actions that would solve this sub-goal. Kotovsky, Hayes and Simon (1985)
found another violation of perfect rationality in problem solving. Participants had difficulties to solve
problems that had the same structure but were superficially different to the Tower of Hanoi. This
matches Tversky and Kahneman’s (1981) finding of framing effects.

Taken together, these findings support Simon’s notion of bounded rationality. Perfect rationality
assumes that participants solve problems using a procedure guaranteeing the selection of the optimal
move. Already in 1944 von Neumann and Morgenstern had proved mathematically that the rational
solution to choose a move in adversarial games such as chess is minimaxing. This consists of
computing the evaluation of all leaf nodes (checkmate and drawn positions in chess), and then backing
up the information to the current position; in doing so, one chooses the moves that minimize the value
of the position when dealing with the opponent’s moves, and the moves that maximize this value when
dealing with one’s own moves. Unfortunately, as also noted by von Neumann and Morgenstern, the
size of the search space in chess prohibits such an approach (chess is estimated to have 10*® different
positions). Approximations to this optimal behavior are possible, most notably by limiting the depth of
search (rather than always reaching leaf nodes) and approximating the true value of a position using an
evaluation function. But even so, chess players’ search behavior is much closer to means-ends analysis
and its aims to reach intermediate goals than to minimax.

In the problem-solving approach, Simon used problems that did not require previous knowledge
to be solved. By contrast, in his research on expertise, he utilized problems whose solution required

domain-specific knowledge. Moreover, he investigated how differences in previous knowledge
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between participants affect their decision making process. He studied individuals of different levels of
expertise solving domain-specific problems. Although Simon’s expertise studies have had a
considerable impact in psychology (see Charness, 1992), decision making scholars rarely use
participants of different levels of expertise in their studies.

Simon and other researchers found important differences between experts and novices in the
way they make decisions in domain-specific problems. De Groot (1946/1978) observed that, in
problem solving situations, chess grandmasters choose to analyze moves more selectively than
intermediate level chess players. Chi, Feltovich and Glaser (1981) found that expert physicists
concentrate on deep and abstract aspects of problems, whereas novices pay more attention to
superficial aspects. Larkin et al. (1980) identified differences in heuristics used by expert and novice
physicists. Experts tend to move forwards to a solution, whereas novices tend to work backwards from
goals to givens. In their chunking theory, Chase and Simon (1973) proposed that novice chess players
perceive a chessboard as a group of unconnected pieces. By contrast, chess experts perceive it as a
collection of chunks, each chunk being a group of around 4 pieces. This way of representing chess
positions is made possible by domain-specific knowledge stored in long-term memory.

Chase and Simon (1973) also proposed that experts’ cognitive system does not differ from that
of novices; for example, parameters such as short-term memory capacity and learning rate are invariant
across skill levels. The only difference is the knowledge experts acquire by experience and training
through around 10 years of effortful dedication to their domain of expertise. Effort and experience do
not change the architecture of experts’ cognitive system, they make it more efficient. Expert knowledge
saves experts’ time by avoiding exploring useless alternatives. In other words, experts are more
selective in their decision making process.

Chase and Simon’s (1973) chunking theory was updated by Gobet and Simon’s (1996) template
theory. This theory states that experts’ chunks develop into more complex structures called templates.

Templates are stored in long-term memory and are larger than chunks; they also have slots in which
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additional information could be added. This theory was implemented in a computational model and is
the theory that best explains data obtained in experiments with expert chess players, physicists and
computer programmers (Gobet, Lane, Croker, Cheng, Jones, Oliver, & Pine, 2001; Simon & Gobet,
2000). It has also been successful to account for first language acquisition (Freudenthal, Pine, & Gobet,
2006; Jones, Gobet, & Pine, 2007), which can be seen as a form of expertise acquisition. Simon’s
expertise approach has shown that experts are more selective, use better heuristics and evaluation
functions, and therefore choose better options. On the other hand, their cognitive system is not different
than that of novices. This suggests that experts are able to use higher satisfaction thresholds not by
exercising perfect rationality, but by being more efficient and selective in that they focus early on likely
solutions, while less expert individuals tend to consider alternatives that are irrelevant. In other words,
experts are more refined satisficers than novices but they are not perfect rational agents.

Due to unknown reasons, decision making researchers in psychology have only paid attention to
the lack of rationality of agents but not to the fact that agents can increase their problem-solving
efficiency and thus their aspiration thresholds by extended practice. Psychological researchers tend to
consider decision-making processes as invariable, but evidence shows that decision-making processes
vary with knowledge. Incidentally, Simon’s expertise approach to study decision making was not
embraced by mainstream economics. This is probably because the assumption of perfect rationality of
economic agents implies that they have full computational capacity and unlimited access to
information. This assumption is simply inconsistent with the assumption of the expertise approach that

computational capacity is a function of the amount of knowledge, which varies among individuals.

Relevant findings in expertise research for issues in decision making

Research into the nature and acquisition of expertise has uncovered a large number of important
phenomena, not only for understanding expertise per se, but also to understand cognition in general.

We cannot review this extensive literature here (see Ericsson, Charness, Feltovich, & Hoffman, 2006,
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for pointers) and limit ourselves to showing how this research can shed light on three important issues
in the field of decision-making research. These issues are: (a) the cognitive system; (b) the role of

search; and (c) the status of heuristics.

The Cognitive System

Decision making theorists put forward models of characteristics of the cognitive system of the
decision maker. The most popular proposal is that the cognitive system possess two subsystems: a
subsystem 1 that functions automatically, with little effort, uses heuristics; and a subsystem 2 that
requires volition, effort, and is rule-based (e.g., Epstein, 1994; Sloman, 1996; Chaiken & Trope, 1999;
Kahneman & Frederick, 2002; Stanovich & West, 2000). Note that some theorists propose that there
are two types of processes instead of two subsystems (e.g., Evans, 2008). The dual-system models were
criticized (see Keren & Schul, 2009; Gigerenzer & Rieger, 1996; Newstead, 2000) and two main
alternative proposals had been put forward. On the one hand, Kruglanski and Thompson (1999)
proposed that a general-purpose system could account for decision-making phenomena. On the other
hand, evolutionary psychologists propose that the cognitive system contains multiple domain-specific
modules (Cosmides & Tooby, 2002; Raab & Gigerenzer, 2005).

Researchers following Simon’s approach have tackled this issue on theoretical and experimental
grounds. As mentioned earlier, theoretical accounts of expertise effects in decision making are not
limited to explaining these effects, but rather they build upon general models of cognition. The
chunking theory (Chase & Simon, 1973) and the template theory (Gobet & Simon, 1996) propose that
the differences in decision-making quality are due to the formation and storage of knowledge patterns
in long-term memory that trigger specific actions. In turn, these theories are implemented in
computational architectures such as EPAM (Richman, Staszewski & Simon, 1995) and CHREST
(Gobet et al., 2001), which contain a number of subsystems such as short-term memory, long-term

memory and the mind’s eye. Regarding processes, research into expertise differentiates pattern
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recognition and search. It could be argued that pattern recognition is a system 1 process and search a
system 2 process. However, Gobet and Simon (1998) proposed that search is in part the recursive
application of pattern recognition. Therefore, search and pattern recognition are closely interacting
processes carried out by short-term memory, long-term memory, and the mind’s eye.

Bilali¢, McLeod and Gobet (2008) used an experimental paradigm in chess that matches
Frederick’s (2005) cognitive reflection test (see above). The theoretical explanation for the cognitive
processes involved in solving the problems of this test is that subsystem 1 first triggers the intuitive
answer; then, subsystem 2 overrules system 1 and engages in a more systematic thinking process that
leads to the accurate solution. Bilali¢ et al. presented chess players of different levels with chess
puzzles in which there was a typical but non-optimal solution and an atypical but optimal solution.
(“Optimal” was defined as the minimum number of moves to checkmate the opponent’s king.) They
showed that top experts were able to overcome the tendency to report the typical solution. On the other
hand, some able players did not perform as usual in these problems. Bilali¢ et al. explained these results
using chunking and template theories. Since typical actions (i.e., moves) associated to chunks appear
more frequently in chess games, they are more strongly associated to chunks than atypical moves; thus,
they are triggered more rapidly. Top experts have more refined chunks than normal experts; therefore,
the atypical moves are also triggered by their chunks and they could avoid reporting the non-optimal
moves.

Summing up, researchers in the field of expertise build theories of expertise effects in decision
making by using a general model of cognition rather than using a specific model for decision making.
The general model of cognition contains a number of subsystems (e.g., short-term memory, long-term
memory, mind’s eye), but these do not coincide with those proposed by dual-systems approaches. For
Simon’s approach there are no domain-specific modules — as suggested by evolutionary psychologists
— but domain-specific patterns of knowledge called chunks or templates that are learned through

experience and are stored in long-term memory.
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The Role of Search

There is a debate as to how many attributes of objects or situations are pondered in order to
choose between options. A perfect rationality approach suggests that one has to assign a weight to
different attributes of, say, objects. Then, one has to assign a global value to each object (e.g., by
summing the value of each attribute) and, finally, one has to choose the object that has the highest
value. Gigerenzer (1996 a, b) proposed that people choose options considering the minimum number of
attributes as possible. Usually, the choice of an option over another is done by using only one cue that
differentiates the options, regardless of the values of these options in other less important attributes.
Lee and Cummins (2004) proposed an intermediate view in which there is a threshold that determines
how large the difference between options should be in order to make a choice. If the comparison
between options using one cue is higher than the threshold, a decision is made, otherwise more cues are
considered.

Research in Simon’s tradition supports the latter view. As mentioned earlier, DeGroot (1946)
showed that experts are selective. Campitelli and Gobet’s (2004) study suggested that in situations in
which players have to make a quick decision (i.e., within 10 seconds), experts do not have the option of
analyzing many options, so both experts and novices search very few options. On the other hand, when
players have enough time to think, and the situation requires deep search, experts search deeper than
intermediate players. Interestingly, in simple situations that require little search, expert players do not
search much deeper than intermediate players, even if they have enough time to think deeply (see
Charness, 1981; De Groot, 1946; Gobet, 1998). The latter is adaptive, because if players spend a long
time thinking how to solve a simple situation, they would have less time to solve more complex
situations that may appear later in a game. Since a chess game has time limits, time is a resource that
should be allocated wisely. Altogether, this suggests that Gigerenzer’s proposed strategy that a

minimum of cues are used sometimes is adaptive and sometimes is displaying a lack of expertise and
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rationality. Given enough time, experts analyze a great number of options in some situations and very
few options in others. On the other hand, novices tend to analyze few options (and not the most
relevant) in every situation.

Summing up, we cannot state whether searching a lot or searching very little is adaptive or
rational until we specify the characteristics of the cognitive system (i.e., previous relevant knowledge)

and situational characteristics (i.e., complexity of the situation and time to make a decision).

The Status of Heuristics

As reviewed earlier, the biased rationality approach explained the numerous biases in decision
making by the use of heuristics. By contrast, the fast and frugal approach postulated that the use of fast
and frugal heuristics is rational because it allows human beings to adapt to their environments.
Research on Simon’s tradition is in line with the idea that heuristics are useful procedures. On the other
hand, the use of fast and frugal heuristics is not always rational. De Groot (1946) found two main
heuristics in expert problem solving. First, experts are selective, they ponder only relevant options and
ignore irrelevant ones. Selectivity is possible because previous knowledge allows experts to determine
which options are relevant and which are not. Second, experts search following the progressive
deepening strategy. They revisit options already analyzed, which allow them to discover new details.
As mentioned earlier, Simon identified a number of general heuristics or “weak heuristics” such as
satisficing and mean-ends analysis. Satisficing implies using experience to construct an expectation of
how good a solution can be reasonably achieved, and to stop searching when an option that satisfies
this expectation is found. Means-ends analysis considers the distance between a situation and a goal,
and then proposes intermediate goals that should be attained to, eventually, achieve that goal.
Campitelli and Gobet (2004) presented data suggesting that experts adjust their heuristics according to
the complexity of the situation and the time available. Therefore, experts’ strategies tend to be adaptive,

whereas novices’ are less flexible.
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Summing up, Simon’s approach indicates that heuristics are useful strategies but they are not
fixed strategies. The choice of heuristics is a function of the available knowledge of the decision maker

and the characteristics of the situation in which a decision is made.

Integration of the Decision-Making and Expertise Research Fields

After stating which aspects the decision making field and the expertise field have in common,
we will present aspects of expertise literature that we think should be included in decision making
literature. Both approaches started with Herbert Simon’s rejection of the mainstream assumption in
economics that human beings are perfect rational decision makers and his proposal of developing
models of bounded rationality. Both approaches consider that human problem-solvers have a limited
cognitive capacity and that they use heuristics in order to make decisions. In the expertise approach,
both the level of expertise and the characteristics of the environment are independent variables. Thus,
the expertise approach takes into consideration Simon’s insight that there are two essential factors in
human decision making: characteristics of the human cognitive system and characteristics of the
environment. By using experts of different levels, expertise researchers are looking at the role of
differences in knowledge in decision making. Researchers on expertise also use simple and complex
(or familiar vs. unfamiliar) environments in order to investigate the role of the environment in human
decision making.

We would like to make a number of suggestions as to how the expertise approach could be used
fruitfully in decision making. We suggest that, just like in the expertise field of research, researchers in
decision making use expert participants and non-expert participants. Within this approach, researchers
could use two types of tasks. One option consists of utilizing the judgment and decision-making tasks
used by Tversky and Kahneman, Gigerenzer and others, in order to test whether experts show the
biases reported by the former, and whether experts use the fast and frugal heuristics reported by

Gigerenzer. For example, we could present chess players of different levels with a list of pairs of names
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of other chess players. On each pair they would have to estimate who is the player with the highest
rating. Following, Gigerenzer’s approach, there would be a list of pairs in which the most known
players tend to have higher ratings and another list in which the least known players tend to have lower
ratings. In this way we may know whether players use the recognition heuristic and whether this
happens in chess players of different levels of expertise.

The alternative is employing problem-solving tasks (typical of Simon and colleagues’ approach)
specific to the domain of expertise. The latter proposal has two goals: generalizability and ecological
validity. Several experiments in decision making use tasks where one has to choose between
alternatives that have been selected by the experimenter; it is necessary to establish whether the same
phenomena are found in a different class of tasks (i.e., problem solving tasks, where participants not
only select, but also generate alternatives). In general, participants are not familiar with decision-
making tasks and their content; therefore, using a task of the domain of expertise of the participant
enhances the ecological validity of the experiment. Following the example of the chess domain, we
could ask players of different levels to solve chess problems and problems that are sign of general
decision making abilities such as the cognitive reflection test (Frederick, 2005) or the decision-making
competence test (Parker & Fischhoff, 2005; Bruine de Bruine et al., 2007). In this way we may gather
information about the relationship between general and domain-specific decision-making abilities. A
combination of these two approaches would be to ask the participants in decision-making tasks to
perform also problem solving tasks. This would give information about the relation of decision-making
abilities with the use of heuristics of a general nature. For example, we could identify whether
participants that use the recognition heuristic are more or less capable of solving problems of general
and/or domain-specific decision-making abilities.

Another suggestion is that the complexity and/or familiarity of tasks (both decision-making and
problem-solving tasks) could be varied systematically, in order to test how the characteristics of the

environment influence decision-making processes and how they interact with the level of expertise.
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Moreover, the time limits of the task could be varied in order to find out if the type of heuristics that
participants use change or remain stable.

Finally, we suggest that researchers run computer simulations of experiments utilizing existing
computational models (e.g., CHREST, Gobet et al., 2001) of the entire cognitive system, which
includes, among other components, short-term memory where information is stored temporarily and
long-term memory where knowledge is stored. This would be a step forward towards Gigerenzer’s
requirement of specifying computational models of heuristics. The goal of decision-making research is
to account for the cognitive processes that allow humans to make decisions rather than to account for
how humans solve a particular task. Therefore, providing computational models that, with very slight
modifications, could fit human data in different tasks and domains is more powerful than designing

computational models that account for human data in specific tasks only.

Conclusions

Simon’s criticism of mainstream economic models of perfect rationality initiated a number of
research programs in psychology and behavioral economics. Unfortunately these programs developed
independently with very little communication between them. The decision making program in
psychology was dominated by Tversky and Kahneman’s approach. This approach empirically tested
Simon’s suggestions and showed that they were correct. Tversky and Kahneman’s conclusions are
somehow sad: humans are not rational and they commit systematic biases. Scholars studying expert
decision making who did not follow Simon’s approach reached a still worse conclusion: not even
experts are rational in their domains of expertise. Gigerenzer’s ecological approach is more positive.
He suggests that fast and frugal heuristics are rational because they are adaptive. Unfortunately,
decision-making scholars did not exploit Simon’s expertise approach and they ignored the extensive

research carried out in the field of expertise.
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We suggest that including the expertise approach into decision-making research could improve
models developed to explain human decision making. Moreover, we proposed a number of research
strategies that combine the fields of expertise and decision making. They aim to incorporate the
findings from expertise literature into the field of research of decision making. We consider that by
doing so, this field would gain in a number of factors: generalizability, ecological validity, specification
of cognitive processes, and understanding of the interaction between characteristics of the cognitive

system and contingencies of the environment.
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