


Markovits, 2004; Reyna, Lloyd, & Brainerd, 2003). Because assessments of 
intelligence (and similar tests of cognitive ability) are taken to be the sine qua 
non of good thinking, it might be thought that such measures would serve as 
proxies for the developmental trajectories for judgment and decision-making 
skills. We argue in this chapter that such an assumption is misplaced. Tradi­
tional tests of intelligence are not good proxies for judgment and decision­
making skills, and thus the developmental trajectories of the latter must be 
studied in their own right. Judgment and decision making are more properly 
regarded as components of rational thought, and it is often not recognized 
that rationality and intelligence' (as traditionally defined) are two different 
things, conceptually and empirically. 

Distinguishing between rationality and intelligence helps explain how 
adolescents can be, at the same time, intelligent and irrational. In the mid 
1990s one of us coined the term dysrationalia (an analogue of dyslexia) to refer 
to the existence of irrational thought and action in intelligent individuals 
(Stanovich, 1993). Dysrationalia occurs in adults as well as adolescents, and 
we tend to be surprised by it. We tend to be surprised when a physician loses 
all his pension funds in a speculative financial venture or when an educated 
professional ignores proven medical treatments and goes to Mexico for a 
quack therapy. Likewise, we are baffled when highly intelligent adolescents 
display poor decision making and subject themselves to such obvious risk fac­
tors as substance ab~se, sexually transmitted diseases, and unsafe driving 
(Reyna & Farley, 2006). 

In short, we find it paradoxical when smart people take disastrous actions. 
Readers will see in this chapter that this pattern should not be surprising­
because there is nothing paradoxical at all in the dissociation between intelli­
gence and rationality. Thus, the developmental trajectories of the latter must 
be studied in their own right, and this developmental work is summarized in the 
latter half of this chapter. Our emphasis is on the importance of the develop­
ment of rational thinking in adolescence, which has been less well studied than 
other aspects of cognitive competence, such as intelligence. 

THE MEANING OF RATIONALITY IN MODERN 
COGNITIVE SCIENCE 

Many philosophers see rationality as one of the most important human 
values (Nathanson, 1994). As defined in modern cognitive science, rational­
ity is important for a person's well-being because it is a trait that helps us to 
achieve our goals. This idea is at odds with other characterizations that deem 
rationality either trivial (little more than the ability to solve textbook logic 
problems) or in fact antithetical to human fulfillment (as an impairment to 
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an enjoyable emotional life, for instance). However, these ideas about ration­
ality derive from a restricted and mistaken view of rational thought-one not 
in accord with the study of rationality in modern cognitive science. 

Dictionary definitions of rationality tend to be rather unspecific ("the 
state or quality of being in accord with reason"), and some critics who wish 
to downplay the importance of rationality have promulgated a caricature that 
restricts its definition to the ability to do the syllogistic reasoning problems 
encountered in Philosophy 101. 

The meaning of rationality in modern cognitive science is, in contrast, 
much more robust and important. Cognitive scientists recognize two types of 
rationality: epistemic and instrumental. Epistemic rationality concerns how 
well beliefs map onto the facts of the world. Epistemic rationality is some­
times called theoretical rationality or evidential rationality (see Audi, 1993, 2001; 
Foley, 1987; Harman, 1995; Manktelow, 2004; Over, 2004). 

The simplest definition of instrumental rationality is: Behaving in the 
world so that you get exactly what you most want, given the resources (phys­
ical and mental) available to you. Somewhat more technically, one could 
characterize instrumental rationality as the optimization of the individual's 
goal fulfillment. Economists and cognitive scientists have refined the notion 
of optimization of goal fulfillment into the technical notion of expected util­
ity. The model of rational judgment useQ by decision scientists is one in which 
a person chooses options based on which option has the largest expected util­
ityl (see Baron, 2008; Dawes, 1998; Hastie & Dawes, 2001; Wu, Zhang, & 
Gonzalez, 2004). 

One of the fundamental advances in the history of modern decision sci­
ence was the demonstration that if people's preferences follow certain pat­
terns (the so-called axioms of choice-things like transitivity [if A is preferred 
to B, and B is preferred to C, then A must be preferred to C] and freedom from 
certain kinds of context effects), then they are behaving as if they are maxi­
mizing utility: They are acting to get what they most want (Edwards, 1954; 
Jeffrey, 1983; Luce & Raiffa, 1957; Savage, 1954; von Neumann & Morgen­
stern, 1944). This is what makes people's degrees of rationality measurable by 
the experimental methods 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 is why the seminal heuristics and biases 

'The principle of maximizing expected value says that the action that a rational person should choose is 
the one with the highest expected value. Expected value is calculated by taking the objective value of 
each outcome and multiplying it by the probability of that outcome and then summing those products 
over all of the possible outcomes. Symbolically, the formula is: Expected Value = ~ p,v, ; where Pi is the 
probability of each outcome and Vi is the value of each outcome. The symboll: is the summation sign, 
and simply means "add up all of the terms that follow." The term utility refers to subjective value. Thus, 
the calculation of expected utility involves identical mathematics except that a subjective estimate of 
utility is substituted for the measure of objective value. 
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research program2 inaugurated by Kahneman and T versky (1972, 1973; T versky 
& Kahneman, 1974, 1983) focused on the causes of thinking errors. 

Rationality has multiple components (Stanovich, 2011), and it is hard 
to measure the optimal functioning of all of these components. That is, it is 
hard to specify whether "perfect" rationality has been attained. Researchers 
have found it much easier to measure whether a particular rational stricture 
is being violated-that is, whether a person is committing a thinking error­
rather than whether their thinking is as good as it can be. This is much like 
our judgments at a sporting event where, for example, it might be difficult to 
discern whether a quarterback has put the ball perfectly on the money, but it 
is not difficult at all to detect a bad throw. 

In fact, in many other domains of life this is often the case. Performance 
errors are much easier to spot than is optimal performance. Essayist Neil 
Postman (1988) argued, for instance, that educators and other advocates of 
good thinking might adopt a stance more similar to that of physicians or attor­
neys. He pointed out that physicians find it hard to define "perfect health," 
but they are much better at the easier task of spotting disease, so they focus 
on the latter. Likewise, lawyers are much better at spotting injustice and lack of 
citizenship than defining "perfect justice" or ideal citizenship. Postman argued 
that like physicians and attorneys, educators might best focus on instances of 
poor thinking, which are much easier to identify, instead of trying to define 
ideal thinking. The literature on the psychology of rationality has followed 
this logic in that the empirical literature has focused on identifying thinking 
errors, just as physicians focus on disease. Cognitive biases imply some degree 
of irrationality, just as failure to display a cognitive bias becomes a measure of 
rational thought. 

A substantial research literature, comprising hundreds of empirical 
studies conducted over several decades, has firmly established that people's 
responses sometimes deviate from the performance considered normative on 
many reasoning tasks. For example, people may assess probabilities incor­
rectly, test hypotheses inefficiently, violate the axioms of utility theory, or 
they do not properly calibrate degrees of belief; their choices may be affected 
by irrelevant context, they may ignore the alternative hypothesis when eval­
uating data, and they may display numerous other information processing 

lThe tenn heuristics refers to why people sometimes make errors in chOOSing actions and in estimating 
probabilities-because they use mental shortcuts (heuristics) to solve many problems. Reliance on 
heuristics introduces systematic biases in actions and probabiliry judgments, for example, when people 
rely on vivid examples rather than objective statistics to estimate probabilities. These biases can some­
times lead to errors in judgment (e.g., when a vivid stimulus is not very probable). In most instances, 
however, the use of heuristics is efficacious. The heuristics and biases research tradition focuses on the 
minority of instances where the use of heuristics leads to errors. It emphasizes that these situations may 
be a minoriry of the decisions we make in life, but that they can be extremely important ones (Milkman, 
Chugh, & Bazerman, 2009; Stanovich, 2009b). • 
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biases (Baron, 2008; Evans, 2007; Gilovich, Griffin, & Kahneman, 2002; 
Kahneman & Tversky, 2000; Stanovich, 1999,2004, 2009b). Demonstrating 
that descriptive accounts of human behavior sometimes diverge from norma­
tive models is a main theme of the heuristics and biases research program. The 
heuristic processes that lead to such errors are often evolutionarily adaptive 
(Cosmides & Tooby, 1992, 1996; Oaksford & Chater, 2007), but it is impor­
tant to understand that the evolutionary adaptiveness of subprocesses does 
not imply that humans, as whole organisms, are rational (de Sousa, 2007; 
Hurley & Nudds, 2006; Samuels & Stich, 2004; Skyrms, 1996; Stanovich, 
2004,2011; Stanovich & West, 2003; Stich, 1990). 

RATIONALITY AND INTELLIGENCE 

Intelligence, as measured on many commonly used tests, is often sepa­
rated into fluid and crystallized components, deriving from the Cattell/Horn/ 
Carroll (CHC) theory of intelligence (Carroll, 1993; Cattell, 1963, 1998; Hom 
& Cattell, 1967). Sometimes termed the theory of fluid and crystallized intelli­
gence (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; Taub & McGrew, 2004) . 
Fluid intelligence (Gf) reflects reasoning abilities operating across of variety 
of domains-in particular, novel ones. It is measured by tasks of abstract rea­
soning such as figural analogies, Raven Matrices, and series completion. Crys­
tallized intelligence (Gc) reflects declarative knowledge acquired from 
acculturated learning experiences. It is measured by vocabulary tasks, verbal 
comprehension, and general knowledge measures. Ackerman (1996) dis­
cussed 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). 

There is a large literature on the CHC theory and on the processing cor­
relates of Gf and Gc (see Duncan et al., 2008; Geary, 2005; Gignac, 2005; 
Horn & Noll, 1997; Kane & Engle, 2002; McGrew & Woodcock, 2001; Taub 
& McGrew, 2004). In addition to Gf and Gc, other broad factors at the level 
termed stratum II are things like memory and learning, auditory perception, 
and processing speed (for a full account, see Carroll, 1993). However, most 
of these components are correlated with each other and with g, Gf, and/or 
Gc. When later in this chapter we discuss correlations between cognitive 
ability and ratipnal thought, the cognitive ability indicators in the studies dis­
cussed will all be indicators of g, Gf, and/or Gc (Frey & Detterman, 2004). 

In our theoretical approach to intelligence, our stance has been the 
standard one in cognitive science: to tie the concept to the actual empirical 
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operationalizations in the relevant literature. In the wider literature on intel­
ligence in education, however, there is a contrary tradition. That contrary 
tradition leads to the distinction between broad and narrow theories of intel­
ligence (Stanovich, 2009b). Broad theories include aspects of functioning 
that are captured by the vernacular term intelligence (e.g., adaptation to the 
environment, showing wisdom, displaying creativity) whether or not these 
aspects are actually measured by existing tests of intelligence. Narrow theo­
ries of intelligence, like that adopted in our discussion, confine the concept 
to the set of mental abilities actually tested on extant IQ tests. 

In a sense, broad theories of intelligence are intellectually promiscuous in 
that they use a concept of intelligence that is not tied to existing tests of cog­
nitive functioning. In fact, broad theories of intelligence have implicitly under­
valued rational thinking by encompassing such skills under definitions of 
intelligence. The problem with such a stance is that it ignores the fact that none 
of the best-known intelligence tests measure rational thinking in any way. 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 reveal about intellectual functioning. 

To think rationally means adopting appropriate goals, taking the appro­
priate action given one's goals and beliefs, and holding beliefs that are 
commensurate with available evidence. None of the currently used tests of 
intelligence assesses any of these functions (Perkins, 1995,2002; Stanovich, 
2002, 2009b; Sternberg, 2003, 2006). Thus, operationally, intelligence and 
rationality are separate things. However, although tests of intelligence fail to 
assess rational thinking directly, it could be argued that the processes that are 
tapped by IQ tests largely overlap with variation in rational thinking ability. 
If this were true, then measures of intelligence would correlate with measures 
of rational thinking despite the fact that the latter are not directly assessed 
on tests of the former. Variation in intelligence has been one of the most stud­
ied topics in psychology for many decades (Carroll, 1993; Deary, 2001; Geary, 
2005; Lubinski, 2004), and the development of the cognitive abilities related 
to intelligence is likewise a central topic in developmental science (Anderson, 
2005; Bjorklund, 2004; Kail, 2000). In contrast, variation in rational thought 
among adults has only recently been the focus of research (Bruine de Bruin, 
Parker, & Fischhoff, 2007; Stanovich & West, 1998c, 2000, 2008b) . 

Nonetheless, it has .become apparent that intelligence and rational 
thinking skills are so modestly related that the former cannot be reliably used 
as a proxy for the latter. For example, some tasks in the heuristics and biases 
literature are related to intelligence, but the correlations are only in the range 
of .10-.40. For example, Stanovich and West (1997, 1998c, 1998d, 1999, 
2000; see also Kokis, Macpherson, Toplak, West, & Stanovich, 2002; Sa, 
West, & Stanovich, 1999; Toplak, Sorge, Benoit, West, & Stanovich, 2010; 
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Toplak & Stanovich, 2002; Toplak, West, & Stanovich, in press; West & 
Stanovich, 2003; West, Toplak, & Stanovich, 2008) found correlations with 
intelligence to be roughly (in absolute magnitude): .35-,45 for belief bias in 
syllogistic reasoning, .25-.35 for various probabilistic reasoning tasks, .20-.25 
for various covariation detection and hypothesis testing tasks, .25-.35 on 
informal reasoning tasks, .15-.20 with outcome bias measured within-subjects, 
.20-,40 with performance in the four-card selection task, .10-.20 with per­
formance in various disjunctive reasoning tasks, .15-.25 with hindsight bias, 
.25-.30 with denominator neglect, and 05-.20 with various indices of Bayesian 
reasoning (see Stanovich, West, Toplak, 2011, for sources and examples of 
each of these paradigms). Other investigators have found relationships of a 
similar effect size between intelligence and a variety of tasks in the heuristics 
and biases literature (Bruine de Bruin, Parker, & Fischhoff, 2007; De Neys, 
2006; DeShon et al., 1998; Handley et al., 2004; Klaczynski & Lavallee, 
2005; Newstead et al., 2004; Parker & Fischhoff, 2005; Peters et al., 2006; 
Valentine, 1975). 

The magnitude of these correlations may be underestimated, of course, 
because of unreliability of measurement or restriction of range. Our point, 
however, is not that they are near-zero correlations, or even small correla­
tions, but only that they are so far below unity that a test of intelligence can­
not be taken as a proxy for a test of rational thinking skill. For example, 
reading skill and intelligence can display correlations as high as .60, yet this 
magnitude of correlation leaves enough room for mismatches between the 
two that the discrepancies (e.g., low reading ability in the face of high per­
formance on an IQ test) draw an extreme amount of attention from learning 
disability theorists. 3 Our point with respect to the correlations between intel­
ligence and measures of rational thought is similar. They may be higher than 
the raw correlations listed in the previous paragraph, but they will end up 
being estimated at so far below unity that we will not be able to use an IQ test 
score as an indirect measure of rational thinking. There will be a significant 
number of discrepancies (e.g., low rational thinking ability in the face of high 
performance on an IQ test) in any sample, and this discrepant pattern is of 
great theoretical and practical interest (Stanovich, 2009b, 2011). 

Although some of these correlations are no doubt attenuated by restric­
tion of range, there are other reasons to believe that the correlational values 

lit is another question entirely whether educational policy should focus so much on this group of chil­
dren. There is a substantial body of work indicating that the focus on discrepancy measurement in the 
domain of reading disability was a mistake. The proximal cause of most cases of reading difficulty­
problems in phonological processing-is the same for individuals of high and low IQ (Stanovich, 2000; 
Sruebing, Barth, Molfese, Weiss, & Fletcher, 2009; Vellutino, Fletcher, Snowling, & Scanlon, 2004). 
Phonological. processing is only modestly correlated with intelligence, so that cases of reading difficulty 
in the face of high IQ are in no way surprising and do not need a special explanation. 
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obtained in this research may be overestimated. In a commentary on this 
research on individual differences, Kahneman (2000) pointed out that the 
correlations observed may well have been inflated because most of the rele­
vant studies used within-subjects designs that contain cues signaling the 
necessity of overriding automatic processing (Bartels, 2006; Fischhoff, Slovic, 
& lichtenstein, 1979; Frisch, 1993; Kahneman & Tversky, 1982). Kahne­
man (2000) argued that between-subjects tests of the coherence of responses 
represent a much stricter criterion and perhaps a more appropriate one 
because "much of life resembles a between-subjects experiment" (p. 682). 

Kahneman (2000; see also, Kahneman & Frederick, 2002) conjectured 
that these less transparent designs would reduce the observed relationships 
between intelligence and judgmental and decision-making tasks. Much less is 
known about the relation between cognitive ability and the tendency to make 
coherent judgments in between-subjects situations. However, in a series of 
studies, Stanovich and West (2007, 200Sa, 2008b) attempted to examine a 
variety of effects from the heuristics and biases literature to see if intelligence 
was associated with these biases as they are displayed in between-subjects par­
adigms. In this series of experiments we found that, to a surprising degree, cog­
nitive ability was independent of the tendency to show a variety of rational 
thinking biases. In university samples, intelligence was virtually independent 
of base rate neglect, framing effects, conjunction errors, outcome bias, anchor­
ing effects, preference reversals, omission bias, and myside bias when these 
effects and biases were measured between subjects (for sources and examples 
of each of these paradigms, see Stanovich, West, & Toplak, 2011). 

Thus, the judgment and decision-making tasks that represent the oper­
ational definition of rational thought are neither empirically nor conceptually 
identifiable with intelligence. Empirically, as just shown, the relationships are 
modest. Conceptually, we view rationality as a more encompassing construct 
than intelligence. To be rational, a person must have beliefs well calibrated 
with reality and must act appropriately on those beliefs to achieve goals. Addi­
tionally, in previous publications, we have argued that these aspects of ration­
ality depend on certain thinking dispositions (see Stanovich, 2009a, 2009b, 
2011; West, Toplak, & Stanovich, 2008). 

No current test of intelligence or cognitive ability attempts to measure 
directly an aspect of epistemic or instrumental rationality. Neither does any 
test indirectly assess rational thought by examining any of the thinking dis­
positions that relate to rationality. For example, although intelligence tests 
do assess the ability to focus on an immediate goal in the face of distraction, 
they do not assess at all whether a person has the tendency to develop goals 
that are rational in the first place. likewise, intelligence tests are good mea­
sures of how well a person can hold beliefs in short-term memory and manip­
ulate those beliefs, but they do not assess at all whether a person has the 
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tendency to form beliefs rationally when presented with evidence. And again, 
similarly, intelligence tests are good measures of how efficiently a person 
processes information that has been provided, but they do not at all assess 
whether the person is a critical assessor of information as it is gathered in the 
natural environment. 

Substantial empirical evidence indicates that individual differences in 
thinking dispositions and intelligence are far from perfectly correlated. Many 
different studies involving thousands of subjects (e.g., Ackerman & Heggestad, 
1997; Austin & Deary, 2002; Baron, 1982; Bates & Shieles, 2003; Cacioppo 
et al., 1996; Eysenck, 1994; Fleischhaueret al., 2010; Goff & Ackerman, 1992; 
Kanazawa, 2004; Kokis et aL, 2002; Noftie & Robins, 2007; Zeidner & 
Matthews, 2000) have indicated that measures of intelligence display only 
moderate to weak correlations (usually less than .30) with some thinking dis­
positions (e.g., actively open-minded thinking, need for cognition) and near­
zero correlations with others (e.g., conscientiousness, curiosity, diligence). 

Other important evidence supports the conceptual distinction made here 
between intelligence and rational thinking dispositions. For example, across a 
variety of t~ks from the heuristics and biases literature, it has consistently been 
found that rational thinking dispositions will predict variance in these tasks 
after the effects of general intelligence have been controlled (Bruine de Bruin, 
Parker, & Fischhoff, 2007; Klaczynski, Gordon, & Fauth, 1997; Klaczynski & 
Lavallee, 2005; Klaczynski & Robinson, 2000; Kokis et aI., 2002; Newstead 
et al., 2004; Macpherson & Stanovich, 2007; Parker & Fischhoff, 2005; Sa 
& Stanovich, 2001; Stanovich & West, 1997, 1998c, 2000; T oplak, Liu, 
Macpherson, Toneatto, & Stanovich, 2007; Toplak & Stanovich, 2002; 
Toplak, West, & Stanovich, in press). Thinking disposition measures tell one 
about the individual's goals and epistemic values; they also index broad tenden­
cies of pragmatic and epistemic self-regulation at a high level of cognitive con­
trol. The empirical studies cited indicate that these different types of cognitive 
predictors are tapping variance separable from intelligence. 

CATEGORIES OF ERROR IN JUDGMENT 
AND DECISION MAKING 

We have demonstrated in the previous section that an intelligence test 
is not a good proxy for individual differences in judgment and decision mak­
ing skills. As a result, the developmental trajectories of the latter must be 
studied in their own right. We trace several such developmental trajectories 
in this chapter, but our review cannot be exhaustive. There are simply too 
many thinking errors and biases that have been demonstrated in the judg­
ment and decision-making literature. In fact, a taxonomy of systematic error 
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types is badly needed, and several investigators have made some initial efforts 
at a classification scheme (e.g., Arkes, 1991; Oreg & Bayazit, 2009; Reyna, 
Lloyd, & Brainerd, 2003; Shah & Oppenheimer, 2008). We shall use a sim­
plified and abbreviated version of our own taxonomy (Stanovich, 2009a, 
2009b, 2011; Stanovich, T oplak, & West, 2008; Stanovich, West, & T oplak, 
2011; Toplak et al. , 2007) to organize our discussion of developmental trends. 
Our taxonomy is based around the finding that the human brain has two broad 
characteristics that make it less than rational. One is a processing problem and 
one is a content problem, and intelligence provides insufficient inoculation 
against both. 

The processing problem is that we tend to be cognitive misers in our 
thinking. This has been a major theme throughout the past 40 years of research 
in the cognitive science of human judgment and decision making (Dawes, 
1976; Simon, 1955, 1956; Taylor, 1981; Tversky & Kahneman, 1974). When 
approaching any problem, our brains have available various computational 
mechanisms for dealing with the situation. These mechanisms embody a 
tradeoff, however. The tradeoff is between power and expense. Some mech­
anisms have great computational power-they can solve a large number of 
problems and solve them with great accuracy. However, this power comes 
with a cost. These mechanisms take up a great deal of attention, tend to be 
slow, tend to interfere with other thoughts and actions we are carrying out, 
and require great concentration that is often experienced as aversive. In con­
trast, other brain mechanisms, often termed heuristic processes, are low in 
computational power but have the advantage that they are low in cost. These 
mechanisms do not permit fine-grained accuracy, 'but they are fast-acting, do 
not interfere with other ongoing cognition, require little concentration, and 
are not experienced as aversive. 

We humans are cognitive misers in our basic tendency to default to 
heuristic processing mechanisms of low computational expense. Using less 
computational capacity for one task means that there is more left over for 
another task if they both must be completed simultaneously. This would seem 
to be adaptive. Nevertheless, this strong bias to default to the simplest cogni­
tive mechanism-to be a cognitive miser-means that humans are often less 
than rational. Increasingly, in the modem world we are presented with deci­
sions and problems that require more accurate responses than those generated 
by heuristic processing. Heuristic processes often provide a quick solution that 
is a first approximation to an optimal response. But modem technological soci­
eties are in fact hostile environments for people reliant on only the most eas­
ily computed automatic response. Think of the multimillion-dollar advertising 
industry that has been designed to exploit just this tendency. Modem society 
keeps proliferating situations in which shallow processing is not sufficient for 
maximizing personal happiness-precisely because many structures of market-
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based societies have been designed explicitly to exploit the tendency toward 
heuristic processes. Being cognitive misers will seriously impede people from 
achieving their goals. Many effects in the heuristics and biases literature are 
the results of the human tendency to default to miserly processing: anchoring 
biases, framing effects, preference reversals, nondisjunctive reasoning, myside 
biases, and status quo biases, to name just a few (for a review and descriptions 
of these parad igms, see Stanovich, 2011; Stanovich et a\., 2011). 

The second broad reason why humans are less than rational represents a 
content problem. As described in the previous several paragraphs, rationality 

. often requires that responses based on heuristic processing be overridden and 
replaced by responses that are more accurately computed. An aspect of human 
information processing that has been relatively neglected is that the override 
process is not simply procedural but instead utilizes content, that is, it uses 
declarative knowledge and strategic rules (linguistically coded strategies). In 
previous discussions, override has been treated as a somewhat disembodied 
process. The knowledge bases and strategies that are brought to bear have been 
given little attention. But in fact problems and gaps in these knowledge struc­
tures represent a second major class of reasoning error. 

The term mindware was coined by Perkins (1995) to refer to the rules, 
knowledge, procedures, and strategies that a person can retrieve from memory 
to aid decision making and problem solving. If one is going to trump a heuris­
tic response with conflicting information or a learned rule, one must have pre­
viously learned the information or the rule. If, in fact, the relevant mindware 
is not available because it has not been learned, the result is a thinking error 
that we have termed a mindware gap (Stanovich, 2009b; Stanovich et al., 
2008) . Mindware gaps can occur in a potentially large set of coherent knowl­
edge bases in the domains of probabilistic reasoning, causal reasoning, logic, 
and scientific thinking (e.g., the importance of alternative hypotheses), the 
absence of which could result in irrational thought or behavior. 

Mindware problems, in our view, are of two types: mindware gaps and . 
contaminated mindware. Mindware encompasses a variety of declarative 
knowledge bases as well as some of the more content-laden strategies of 
rational thought, such as principles of scientific thinking and knowledge of 
probability. When an override of heuristic processing is necessary but the 
mind ware for a substitute response is not available, then we have a case of 
a mindware gap. However, the subcategory of contaminat.ed mindware is 
designed to draw attention to the fact that not all available mindware is help­
ful, either to goal attainment or to epistemic accuracy. In fact, some acquired 
mindware cari be the direct cause of irrational actions that thwart our goals. 
Such effects thus define the subcategory of contaminated mindware. For 
example, one type of contaminated mindware that is discussed in the litera­
ture is mindware that contains evaluation-disabling properties (Blackmore, 
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