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The other aspect of rationality studied by cognitive scientists is termed epis-
temic rationality. This aspect of rationality concerns how well beliefs map onto
the actual structure of the world. Epistemic rationality is sometimes called theo-
retical rationality or evidential rationality (Manktelow, 2004; Over, 2004). Instru-
mental and epistemic rationality are related. The aspects of beliefs that enter into
instrumental calculations (that is, tacit calculations) are the probabilities of states
of affairs in the world.

One of the fundamental advances in the history of modermn decision science
was the demonstration that if people’s preferences follow certain patterns (the so-
called axioms of choice—things like transitivity and freedom from certain kinds
of context effects), they are behaving as if they are maximizing utility. They are
acting to get what they most want (Luce & Raiffa, 1957; Savage, 1954). This is
what makes people’s degrees of rationality measurable by the experimental meth-
ods of cognitive science. Although it is difficult to assess utility directly, it is much
easier to assess whether one of the axioms of rational choice is being violated.
This has been the logic of the seminal heuristics and biases research program inau-
gurated in the much-cited studies of Kahneman and Tversky (1973, 1979; Tversky
& Kahneman, 1974; see Kahneman, 2011).

Researchers in the heuristics and biases tradition have demonstrated in a host of
empirical studies that people violate many of the strictures of rationality and that the
magnitude of these violations can be measured experimentally. For example, people
display confirmation bias, they test hypotheses inefficiently, they display preference
inconsistencies, they do not properly calibrate degrees of belief, they overproject
their own opinions onto others, they combine probabilities incoherently, and they
allow prior knowledge to become implicated in deductive reasoning (for summaries
of the large literature, see Baron, 2008; Stanovich, 2009, 2011). These are caused by
many well-known cognitive biases: base-rate neglect, framing effects, representa-
tiveness biases, anchoring biases, availability bias, outcome bias, vividness effects,
and various types of attribute substitution (Kahneman & Frederick, 2002), to name
just a few. Degrees of rationality can be assessed in terms of the number and severity
of such cognitive biases that individuals display. The important point, however, is
that none of these processes are assessed directly on intelligence tests.

Conceptually as well, intelligence (as actually measured) concerns cognitive
components quite different from the judgment and decision-making components
that define human rationality. Intelligence, as measured on many commonly used
tests, is often separated into fluid and crystallized components, deriving from the
Cattell/Hom/Carroll (CHC) theory of intelligence (Carroll, 1993; Horn & Cattell,
1967). Sometimes termed the theory of fluid and crystallized intelligence (sym-
bolized Gf/Gc theory), this theory posits that tests of mental ability tap, in addition
to a general factor (g), a small number of broad factors, of which two are dominant
(Geary, 2005; Horn & Noll, 1997). Fluid intelligence (Gf) reflects reasoning abili-
ties operating across of variety of domains—in particular, novel ones. It is meas-
ured by tasks of abstract reasoning such as figural analogies, Raven Matrices, and
series completion. Crystallized intelligence (Gc) reflects declarative knowledge
acquired from acculturated learning experiences. It is measured by vocabulary
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tasks, verbal comprehension, and general knowledge measures. Ackerman (1996)
discusses how the two dominant factors in the CHC theory reflect a long his-
tory of considering two aspects of intelligence: intelligence-as-process (Gf) and
intelligence-as-knowledge (Gc).

In our theoretical approach to intelligence, our stance has been the standard
one in cognitive science—to tie the concept to the actual empirical operation-
alizations in the relevant literature. In the wider literature on intelligence in
education, there is a contrary tradition. That contrary tradition leads to the distinc-
tion between broad and narrow theories of intelligence (Stanovich, 2009). Broad
theories include aspects of functioning that are captured by the vernacular term
intelligence (adaptation to the environment, showing wisdom, displaying creativ-
ity, etc.) whether or not these aspects are actually measured by existing tests of
intelligence. Narrow theories of intelligence, like that adopted in our discussion,
confine the concept to the set of mental abilities actually tested on extant 1Q tests.
Our position is that broad theories of intelligence have been the source of much
confusion both within the field and among the general public. They have led to
overvaluing what IQ tests can tell us about intellectual functioning.

To think rationally means adopting appropriate goals, holding beliefs that are
commensurate with available evidence, and taking the appropriate action given
one’s goals and beliefs. None of the currently used tests of intelligence assess
any of these functions. However, it could still be the case that measures of intel-
ligence correlate with measures of rational thinking, despite the fact that the latter
are not directly assessed on tests of the former. Empirically, however, research
indicates that intelligence and rational thinking skills are so modestly related that
the former cannot be reliably used as a proxy for the latter (see Stanovich, 2011,
for a review). The developmental trajectories of judgment and decision-making
skills—the skills of rational thought—must be assessed in their own right.

Assessment of the development of rational thinking

Rationality is a multifarious concept—not a single mental quality. Cognitive sci-
entists have developed ways to test both epistemic rationality and instrumental
rationality as they were defined above. For example, psychologists have studied
aspects of epistemic rationality such as the ability to avoid: overconfidence in
knowledge judgments; taking into account base-rates in judgments; seeking to
falsify hypotheses; avoiding the tendency to try to offer causal explanations of
chance events; evaluating evidence with myside bias in check; and consideration
of alternative hypotheses.

Additionally, psychologists have studied aspects of instrumental rationality
such as the ability to avoid: inconsistent preferences because of framing effects;
avoidance of default biases; overriding the tendency to substitute affect for diffi-
cult evaluations; weighing long-term well-being over short-term rewards; recog-
nizing when vivid stimuli and irrelevant context affect choices.

Figure 2.1 displays a framework for the assessment of the development of
rational thought. The first partition in the figure indicates that rational thought






