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DUAL-PROCESSTHEORIES AND THE RATIONALITY DEBATE:

CONTRIBUTIONS FROM COGNITIVE NEUROSCIENCE

by
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Under the diredion d Eddy Nahmias and AndreaScarantino

ABSTRACT

The past 40 yeas have seen an enormous amourt of research aimed at
investigating human reasoning and dedsion-making abiliti es. Thisreseach hasled to an
extended debate éou the extent to which humans med the standards of normative
theories of rationality. Recently, it has been proposed that dual-processtheories, which
paosit that there ae two distinct types of cogniti ve systems, off er away to resolve this
debate over human rationality. | will propose that the two systems of dual-process
theories are best understoodas investigative kinds. | will then examine recent empiricd
reseach from the aogniti ve neuroscience of dedsion-making that lends empiricd suppat
to the theoreticd claims of dual-processtheorists. | will | astly argue that dual-process
theories nat only offer an explanation for much of the conflicting data seen in dedsion-
making and reasoning research, bu that they ultimately offer reason to be optimistic
abou the prospeds of human rationality.

INDEX WORDS: Rationdlity, Neuroeconamics, Deasion-Making, Investigative Kinds,
Cogniti ve Neuroscience
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Chapter 1. Introduction

Imagine that you and afriend find a stadk of one hunded $1 blls. Imagine
further that you come up with a plan to split the money. Thetwo of you agreethat your
friend will split the hunded ddlars however he dhoases between the two of you, bu that
youwill be aleto either accet or rejed his offer. If youaccept the offer, the money
will bedivided between the two of you havever your friend hes divvied it up, bu if you
rged the offer, youwill bath pu the money badk where you foundit and bah leare with
nothing. Now imagine that the friend hes just made his offer: $90for him and $10for
you. Do you accept this offer and leave with $10that you ddn't have before, or rejed
the offer and leave with nahing? If you are like most people, you will rejed the offer.
And, acarding to some strict conceptions of econamic rationality, youwould be
behaving irrationally when dang so—youwould esentialy be giving away $10.

Whether or to what extent humans can fulfill t he rationdlity requirements
proposed by various normative models of human reasoning and dedsion-making has
been amatter of considerable cntroversy at least sincethe pioneaing work of Daniel
Kahneman and Amos Tversky (Tversky & Kahneman 1974. Many have agued that
empiricd studies have shown that humans are by and large irrational creaures, while
others have mounted strong arguments which attempt to explain away the gparently
threaening evidence by showing that human reasoning and dedsiornrmaking is not too far
from perfedly rational.

Much of this debate is areadionto the large body of reseach that has followed in

the wake of Kahneman and Tversky’sinitia studies, which has cometo be @lledively



known as the heuristics and bases approach. Inresporse to this reseach, which has
been seen by some & having “bleg implicaions for human rationality” (Nisbett &
Borgida 1975, evolutionary psycha ogists and phlosophers have mourted their own
empiricd and conceptua projeds, aimed at showing that humans arein fad very close to
optimally rational. These two oppaed views have generated an enormous amourt of
seaningly contradictory data. Recently, several reseachers have posited that dual-
processtheories of reasoning and dedasion-making, which propose that there ae two
distinct types of systems underlying human cognition, may offer away to make sense of
these cnflicting results (Evans & Over 1996,Stanovich 1999. Although dual-process
theories (detail ed in chapter 3) off er much promise for resolving many of the wnflictsin
the rationality debate, they currently suffer from alad of clarity abou what exadly dual-
processtheories are. Although some progresshas been made (SeeFrankish 2004,
Samuels forthcoming), very littl e work has been dore explicaing the aiteriafor
membership of the two systems of cognitive processng that comprise dual-process
theories. Additionaly, it has been left unclea exadly how the two systems interad with
ead ather to bring abou behavior (though seeEvans 2003and Haidt 2001 for two
attempts).

In Chapter 2 | will outline the primary positions within the rationality debate.
Divergencesin human performancefrom the solutions deanmed ogimal ac®rding to
various normative theories have led to worries over the extent to which humans are
rational. Insedion 2.11 will present the normative/descriptive distinction that theorists

and empiricd reseachers apped to when determining whether humans are rational or



not. Insedion 2.21 will detail some of the reseach dorein the heuristics and bases
tradition, which has led many theorists to the pessmistic conclusion that humans are
systematicdly irrational. These pessmistic conclusions have been challenged onseverad
fronts. These dhallenges will be the focus of sedion 2.3. | will conclude Chapter 2 by
suggesting that there is amiddle ground ketween the two traditional positionsin the
debate, and that this pasitionis suppated by dual-processtheories of reasoning and
dedasion-making. Dual-processtheories posit that humans have two dstinct types of
cognition, reutrally termed System 1 and System 2. System 1 tends to operate quickly,
automaticdly, and developed ealy in ou evolutionary history. System 2, by contrast,
operates dowly, is consciously controll ed, and developed relatively recently in our
evolutionary history.

In Chapter 3 | will advancethis resporse by examining how best to conceptuali ze
the two systems of dual-processtheories. | will first provide afairly detail ed explicaion
of the two types of cognitive processng proposed by dual processes theories (sedions 3.1
and 3.9. Then | will propasethat these two systems shoud be mnsidered investigative
kinds, which are similar in many respedsto natural kinds.

Foll owing this conceptual examination, | will turn in Chapter 4 to recent evidence
from various areas of cognitive neuroscience, particularly reseach dorein the
developing field of neuroeconamics. Some have agued that neuroimaging studies of
reasoning and dedsion-making tasks have provided substantia evidencefor dual-process

theories. | will argue that a agnitive neuroscience gproacd to dedsion-making reseach



can be highly fruitful and has much to contribute to the study of dual-processtheories and
more broadly to ou understanding of human rationality.

In Chapter 51 will conclude by pointing to some of the broad implicaions of a
dual-processtheory of dedsion-making, highlighting in particular the sensein which
System 1 and System 2 are amed at diff erent and sometimes confli cting domains of
rationdlity. Given that the two systems in many cases are in conflict with ore another, |
will argue that a new focus in the normative study of human rationality shoud beto
determine when people shoud respondin ac@rdancewith system 1 processes and when
people shoud respondin acerdancewith system 2. Correspondngly, an important
descripiti ve projed will become determining the extent to which people ae @leto selea

between the two systems.



Chapter 2: TheRationality Debate

Although it has been a aucial concept throughou the history of phil osophy,
psychology, eamnamics, and several other fields,* the apropriate mnception o
rationality has been anotoriously controversial issue. However, as Edward Stein (1996
has pointed out, most reseachers adopt what he cdl sthe “Standard Picture” of
rationdlity. According to the Standard Picture, to berational isto reason and make
dedsions that acaord with the rules of formal logic, probability theory, dedsion theory
and aher relevant formal systems. As Stein pants out, “if the standard picture of
reasoning isright, principles of reasoning that are based onsuch rules are normative
principles of reasoning, namely they are the principles we ought to reasonin acordance
with” (1996 4). Although Steinisright that this projed is by and large the default
pasition within the debate over human rationality, as we will seein sedion 2.3and later
in Chapter 5, this conception d rationality is far from universally accepted.

Starting in the ealy 1970, psychologists began to empiricdly investigate
whether or to what extent human dedsion-making adually does acard with the
standards of these normative systems. In ddang so, they took themselvesto be
investigating the extent to which humans could be cnsidered rational. The study of
human reasoning and dedsion-making becamne athriving areaof reseach in psychology,
and its impli caions were quickly recognized as a potential threa to traditi onal
philosophicd methoddogy. Philosopher Jonathan Cohen dagnosed the problem for

philosophy when he wrote:

! See thapters 15-22in Mele & Rawling (2004 for discusson of the role of rationality in spedfic domains,
such as gender studies, science, economics, and the law.



If psychdlogists were right, what they say would seriously discredit the

claims of intuitionto provide— other things being equal— dependable

foundations for inductive reasoning in analyticd philosophy....Since d

many points analyticd phil osophy hasto premise its acourts of reasoning

onthe data of human intuitions, its metaphil osophy can hardly aff ord to

ignore this extensive literature. (1986 149150
As Cohen sees it, the question d whether people can rightly be thought of asrational isa
central problem for philosophy. Withou rationality, philosophy as many in the analytic
tradition pradiceit would have to be dandored or largely reconsidered. Cohen and
several others quickly mournted resporses to this patential thred, andin large part the
rationality debate has revolved aroundwhether these defenses adequately seaured the
prosped of human rationality. These defenses have included bah phlosophicd

arguments and empiricd research within evolutionary psychaology.

2.1. The Normative/Descriptive/Prescriptive Distinction

The study of rationdlity istypicaly concaved in terms of threeinterrelated
projeds, ead investigating dedsion-making at a different level. The descriptive projed
is concerned with empiricaly investigating the resporses that humans acually give when
reasoning or making dedsions. The goal of the descriptive projed isto creae
empiricdly adequate models which predict with a high degreeof successthe resporses
humans will give when presented with various reasoning and dedsiorn-making tasks. A
descriptive model is therefore successul to the degreethat it al ows usto predict, given
spedfic inpus and badkgroundcondtions, how a personwill reason a the choices they
will make. Traditionally the descriptive projed has involved the development of these

models in terms of cognitive mecdanisms based onevidence from behavioral responses,



but aswe will seein Chapter 4, cogniti ve neurosciencereseach is beginning to al ow
descriptive models to incorporate evidence dou the processng dorein the human brain
(Montague 2006,Camerer, Lowenstein, and Prelac2005,Chorvat and McCabe 2009.

The normative projed, onthe other hand, concerns itself with developing systems
of reasoning that, if adhered to, will | ead to optimal reasoning. Normative systemstell us
how we ought to reason and the dhoices we shoud make if we hope to reason as well as
possble. For example, many argue that expeded uility and rational choicetheory offer
normative models for pradicd dedsion-making, and formal logic and probability theory
do the same for reasoning and argumentation’. Much of the motivation behind the work
dorein the descriptive projed has been to question whether people do, as a matter of
fad, perform acerding to these normative models.

Although many theorists have daimed that empiricd reseach has $hown that
human dedasion-making falls $hort of normative ideds, for reasons | will now address it
is highly controversial whether these shortcomings shoud be interpreted as proof of
human irrationality. In additionto the normative ideds st forth by formal systems and
the descriptive reseach of psychologists and reuroscientists, the extent to which humans
can be considered rational aso depends onthe limits of human cognitive caabiliti es. As
Keith Stanovich has pointed ou:

Asinteresting as such dvergences between namative and descriptive

models are, they canna automaticadly be interpreted as instances of
human irrationality. Thisis becaise judgments abou the rationality of

2 Briefly, acording to expeded utility theory, an agent’s choice should be made by comparing the
weighted averages of ead patential outcome of a choice Rational Choice Theory says that humans have a
stable and complete set of preferences, and that humans sould maximizetheir utility in light of these
preferences.



adions and beli efs must take into acourt the resourcelimited nature of
the human cognitive gparatus. (1999 3)

Determining the upper limits of our cognitive caoabiliti es and developing systems
of reasoning and dedsion-making that optimize our reasoning gven these limitsisthe
work of the prescriptive projed. The guiding assumption d the prescriptive projed is
that humans canna be expeded to live up to standards of rationality that are impaossble
for them to med. As Stephen Stich hasput it: “it seans smply perverse to judge that
subjeds are doing abad job d reasoning because they are nat using a strategy that
requires abrain the size of ablimp” (1990 27).

Phil osophicdly, the prescriptive projed is often seen as requiring the accetance
of an ought-implies-can principle, the basic ideabeing that we caana be expeded to do
something that we caana adually do. If thisprincipleis accepted, then typicdly it will
foll ow that the normative requirements placed onan agent will be highly constrained
bath by the aognitive ailiti es of that agent and by the environment the agent isin. As
Samuels, Stich, and Faucher point out:

Human beings do nd have the same caadtiesas God a aLapladan

demon, and aher (adual or possble) beings—e.g. gred apes — may well

have reasoning cgpadties that fall far short of thase possessed by ordinary

humans. In which case, if ought implies can, then there may be normative

standards that one kind d being is obliged to satisfy where anather is nat.

(2004 42

If the ams of the prescriptive projed are taken seriously, then developing a
thorough understanding of the aognitive abiliti es of humans takes on an added

importance, for it not only provides us with purely descriptive information, bu will come

to have asignificant impad uponthe gpropriate norms by which to judge the rationality



of agents' reasoning and deasion-making. Norms of dedsion-making and reasoning will
bewmme relativized or bounded by the limitations of the particular agent. If humans turn
out to fall far short of the aognitive cgadties required for the norms prescribed by
probability theory and rational choicetheory, then it may be that normative models of
dedasion-making ultimately come to have very littl e relevanceto most humans' everyday
lives. If it turns out that we are able to achieve something like the norms of rational
dedsion-making, then the normative models will be relevant to human life.

Reasoning and making dedsions well i simportant because it leads to higher
degrees of goa satisfadion (Stanovich 1999, andif it turns out that humans are cgable
of making optimal choices (or close to them), then the solutions uncovered through work
in the normative projed will be animportant tool. The norms of dedsion-making will
also beacome the prescripts for humans. If humansturn ou to be cnsiderably
impowverished in their cognitive cgabiliti es due to the limits of human psychoogy, then
the normative theories may end up eing lessrelevant to human dedsion-making. We
would still need to devise methods to get our reasoning as close to namatively optimal as
possble, bu these aould very well turn ou to be so substantially removed from the
normative solutions as to make the normative models unimportant.’

Even if the normative model ended up having very littl e in common with the
prescriptive model best suited for humans, the question d optimal dedsion-making
would still be animportant question. It is certainly not out of the question that other

types of systems, particularly artificial systems such as computers, might be &leto med

% Inthis snse even if our prescriptive models are significantly different from optimality, they will still need
to take the normative projed into acount.
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the standards of the normative models. Jonathan Baron (1985 makes this point when he
writes:

Although namative models may not provide] agood prescriptive model

for ordinary people, it can be seen asagood prescriptive model for some

sort of idedi zed creaure who ladks osme @nstraint that people redly

have.... We may thus think of normative models as prescriptive models

for idedized creaures.... A good prescriptive model takes into acount

the very constraints that a normative model isfreeto ignore. (8-11)

These threedistinct but interrelated projedsill ustrate the inherently
interdisciplinary nature of the study of human rationality. The determination o whether
humans are rational or nat involves both empiricd reseach of human cognition aswell as
theoreticd and phlosophicd work aimed at determining both ogimal reasoning and
dedsion-making as well as what the impli cations of descriptive findings are for the
norms which are ultimately prescribed for humans. In the foll owing sedions two
approadies to the empiricd study of reasoning and dedsion-making and the conclusions
(one highly pesgmistic of human rationality, the other highly optimistic) that have been
made based onthe findings will be addressed. These two pasitions have historicdly been
oppcsed to ore ancther. The rationality debate is by and large adebate dou which of
these two pasitionsis corred. After detaili ng these two views, | will suggest that in fad
these ae not the only two pasiti ons avail able within the rationality debate, and that there

isathird ogionwhich is neither as pessmistic nor as optimistic as the two traditi onal

pasitions within the debate.
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2.2. A Reasonfor Pessmism? The Heuristics and Biases Approach

Much of the debate surroundng human rationality has been aresporse to abody
of reseach coll edively known as the heuristics and biases program. Acrossawide range
of empiricd studies, humans have been foundto perform far below the normative
standards of dedsion-making and reasoning (Kahneman, Slovic, & Tversky 1982,
Kahneman & Tversky 2000,and Gil ovich, Griffin, & Kahneman 2003. Based onthis
reseach, foll owers of the heuristics and hases tradition have agued that humans soud
be considered irrational, or at minimum that the assumption d rationality made by many
philosophers and econamistsis dubious (Samuels & Stich 2009. After briefly
ill ustrating the type of reseach that fall s under the heuristics and hases heading, | will
describe the theoreticd claims offered in resporse to these findings.

One of the ealiest and most studied problemsin the reasoning and dedsion-
making literature is Peter Wason's selediontask (Wason 1966. In thisfamous task,
participants are presented with four cards, two of which show aletter (one vowel and ore
consonant) andtwo o which show a number (one even number and ore odd number).
Participants are told that ead card has aletter on ore side and a number on the other.
Participants are then told to indicae which cards they would need to flip over in order to
test therule: “if a cad has avowel on oreside, then it has an odd nunber on the other
side.” Most participants corredly seleded the vowel to turn owver, but most also said that
the odd number needed to be turned ower, which isincorred. Moreover, most
participants fail ed to say that the even numbered card would need to be turned over. This

result, which has been replicated numerous times, has been taken as evidenceto suppat
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the claim that people systematicdly deviate from the principles of formal logic. Aswe
will seein sedion 2.3 havever, severa dternative explanations of this divergencefrom
the normative solution have been dff ered.

Within more explicit dedsion-making reseach, similar troulding results have
been found. Take, for instance, Tversky and Kahneman's (19817) study in which
participants were given ore of two dedsiontasks. One group d participants was
presented with the foll owing problem:

Imagine that the U.S. is preparing for the outbregk of an unwsual Asian

disease, which is expeded to kill 600 people. Two alternative programsto

combat the disease have been proposed. Asaume that the exad scientific

estimateis as follows:

If program A is adopted, 200 ople will be saved.

If program B is adoped, thereisa 1/3 probability that 600 people will be
saved and a 2/3 probability that no people will be saved.

A secondgroup d participants was given a slightly different version that read:
If program C isadoped, 400 gople will die.

If program D is adopted, thereis a 1/3 probability that nobod/ will die and
a 2/3 probability that 600 people will die.

When asked which plan to institute, alarge maority in the first group chose
program A, whil e participants in the ssaondgroup reavily favored program D. This
intriguing study is troulding for two reasons. The probabiliti es of the outcomesin the
first two programs are the exad same & the probabiliti es of the outcomes in the second
two programs. That isto say, the dhoicethefirst groupis asked to makeis exadly the
same athe choicethe secondgroupis asked to make, and yet we seethat participants

respondsignificantly differently depending on hav the questionisframed. The task
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takes on an additi onally problematic angle because within ead group,the expeded
values of the two choicesin terms of lives saved o lost are identicd. If participants
make dedsions based onexpeded utility, then it would be expeded that sincethereisno
diff erence between the expeded utility of the dhoices, responses would be split close to
evenly between the two choices. Thefad that in ead groupwe instead see asignificant
majority favoring one choiceover the other is cause to worry that people do nd conform
to the tenets of the theory of expeded uility. Tversky and Kahneman argued that these
results provided strong evidencethat systematically people do nd med the normatively
predicted solutions for these problems, and that the way in which choices are framed has
asignificant effed onthe dedasions people make. They famously concluded that people’s
dedsions are guided na by formal principles like those of logic and dedsion-theory, bu
instead by heuristics, simple rules which rely on contextual clues and allow for fast,
efficient, bu often sub-optimal choices.

These two examplesiill ustrate the genera projed and typicd findings of heuristics
and hasesreseach. Inanumber of different tasks, and in comparison to many
normative models, from formal logic to dedsion theory, humans appea to underperform
relative to the normatively predicted solutions. Based onthese kinds of results, several
increasingly strong conclusions have been drawn by proporents of this reseach.
Samuels and Stich (2004 have identified these daims, from least to most controversial,
as:

(1) Peopl€’ sintuitive judgments on alarge number of reasoning and

dedsion-making problems regularly deviate from appropriate norms of
rationality.
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(2) Many of the instancesin which ou judgments and dedsions deviate
from appropriate norms of rationality are explained by the fad that, in
making these judgments and dedsions, people rely on
heuristics..."“which sometimes yield reasonable judgments and
sometimes lead to severe and systematic arors.

(3) The only cognitive tods that are avail able to urtutored people ae
normatively problematic heuristics. (2004 285-286)

As Samuels and Stich pant out, whil e the first two of these mnclusions em at least
plausible interpretations of the empiricd evidence, thereislittl ereasonto believe 3is
true. The heuristics and kbases program has certainly uncovered many examples in which
humans deviate from normative anceptions of rationdlity, and pasiting heuristics as
cogniti ve medhanisms that humans use to make fast dedsionsis a plausible, although
cetainly not uncontroversial explanation d why humans perform poarly on these tasks.
But, even given these two conclusions, it does nat foll ow that the only thing we have to
rely on when making dedsions or reasoning are normatively problematic heuristics.
These pessmistic daims represent one end d the rationality debate. In the next sedion,

several resporses to the heuristics and dases findings will be aldressed.

2.3. Pangossan Resporses. Philosophical and Empirical Defenses of Human
Rationdity

Evolutionary psychologists and several phil osophers have been eager to defend an
optimistic perspedive of human reasoning and dedsion-making abiliti es. Highlighting
this optimism, Stanovich (1999 labeled this positionin the debate ‘ Panglossan.” Two
different Panglosgan approadhes have been taken. Thefirst reliesupon plilosophicd

argument to defend the daim that humans are very closeto perfedly rational (Cohen
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1981 Dennett 1987). Although thisversion d the Panglossan pasitionis extremely
interesting, it has been widely discussed and cefinitively criticized elsewhere, andis
considerably outside the focus of thisthesis. As such, it will not be considered in any
detail here®. Instead, | will focus onasemndand more problematic chall engeto the
pesgmistic daims of the heuristics and hases tradition.

The secondand perhaps more significant approacd to endarsing a Panglossan
view of human dedsion-making has been taken by evolutionary psychdogists. As
Samuels and Stich have ill ustrated in several articles (Samuels and Stich 2004 ,Samuels,
Stich, & Bishop 2000, evolutionary psychalogists have responded to the findings of the
heuristics and bases tradition by mourting a dhallenge to bah the norms that heuristics
and bases reseachers apped to and their empiricd work. Broadly, evolutionary
psychalogists have agued that in comparing human performanceto the normatively
prescribed resporses, the heuristics and hases tradition has been applying confused
conceptions of probability theory and dedsion-theory. Moreover, they argue that when
you apply the wmrred norms, people no longer show the dramatic divergences from the
normative solutions that the heuristics and dases tradition has reported. Evolutionary
psychal ogists have developed an empiricd reseach program aimed at showing how, by
taking into consideration ou evolutionary history, it ispossbletoill ustrate both hav
good humans adually are & reasoning and also why humans perform poaly on spedfic

tasks auch asthose used in the heuristics and bases gudies.

* For what | take to be definitive aiticisms of the phil osophica Panglossanism of Denrett and Cohen, see
Stich 199Q Stanovich 1999 Stein 1996 and Thagard & Nisbett 1983
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Evolutionary psychalogists begin their research with several guiding assumptions.
First, our reasoning and dedsion-making abiliti eswould have evolved as adaptations to
problems facead by our evolutionary ancestors. If thisisthe cae, then humans fioud
perform significantly better on problems presented in away that our ancestors were likely
to have dedt with than on ores which they would na have been presented with. Second,
these alaptations would develop as moduesin the mind that are designed by evolutionto
ded with damain speafic problems (Samuels & Stich 2004 2898).

Starting from these assumptions, evolutionary psychalogists, most prominently
Gerd Gigerenzer, Leda Cosmides and John Tooby have agued that people aein fad
quite goodat meding many of the normative standards of probability theory, dedsion
theory and formal logic provided the informationis presented in aformat similar to ore
with which ou ancestors would have been presented. Discussng probability, Cosmides
and Tooby write: “ Some of our inductive reasoning medanisms do embody aspeds of a
cdculus of probability, but they are designed to take frequency information as input and
produce frequencies as outputs’ (italics mine 1996 3). Gigerenzer (1994 has gone even
farther, arguing that the heuristics and hases tradition hes proved nahing abou human
rationdlity because they work from a confused naion d probability. Gigerenzer has
defended a ‘fr equentist’ probability theory, acerding to which probabilit y statements are
literally meaninglesswithou some sort of reference dass meaning that probabiliti es
canna be gplied to single events. Almost all reasoning studies which test probability
performed in the heuristics and hases tradition ask probability questions abou single

events, which Gigerenzer argues makes them ultimately unthreaening to conceptions of
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human rationality because they are misapplying the norm they are interested in studying.
When combined, the points made by Cosmides and Toohy and Gigerenzer pradicdly
guaranteethat humans will med the standards of rationality, for the gpropriate
normative understanding of probability theory isin terms of frequencies, and humans
have evolved to be quite goodat deding with probabiliti es when presented as frequencies
(Samuels, Stich, and Bishop 2002. According to evolutionary psychology, the cases that
have been presented by reseachers in the heuristics and bases tradition have produced
virtually meaninglessresults because their reseach rests on the wrong normative theory
of probability. Remember that acording to the Standard Picture of rationality, whether
or not agents are rational is a matter of whether their reasoning or dedsion-making
conforms to the standards of various normative theories. If the heuristics and kases
reseachers have systematicdly studied the wrong normative systems, then they
ultimately have said nahing abou human rationality.

To show empiricdly that people doin fad reason well when bah inpusand
outputs are presented in terms of frequencies, Cosmides and Toohy (1996 reformulated a
task that had been widely used in dedsion-making research--the Harvard Medicd Schod
Problem. The Harvard Medicd Schod Problem was designed to test the Bayesian
reasoning abiliti es of faaulty and graduate students at Harvard Medicd Schod. The
origina formulationran asfollows:

If atest to deted a disease whose prevalenceis 1/1000 fas afalse positive

rate of 5%, what is the chancethat a personfoundto have apasitive result

adually has the disease, asuming that you knov nothing abou the

person’s ymptoms or signs? (Casscdls, Schoenberger, and Grayboys
1978, 999
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The @rred Bayesian resporse to this problem is 2%, bu even when presented to faaulty
and students of Harvard, orly 18% of participants gave the right answer, with 45% saying
that the corred answer was 95%.

Cosmides and Tooby reformulated this questionin terms of frequencies. Their
new version read:

1 ou of every 1000Americans has disease X. A test has been developed
to deted when aperson hesdisease X. Every timethetest isgivento a
person who hes the disease, the test comes out positive. But sometimes
the test also comes out pasitive when it is given to apersonwhois
completely hedthy. Spedficdly, ou of every 1000 ople who are
perfedly hedthy, 50 d them test pasitive for the disease.

Imagine that we have assmbled arandam sample of 1000Americans.
They were seleded by lottery. Thase who condicted the lottery had no
information abou the hedth status of any of these people. Given the
information above:

On average, how many people who test positi ve for the disease will
actually have the disease? ot of (1996, 24

Unlikein the origina study, and consistent with their ‘fr equentist hypothesis,” Cosmides
and Tooby foundthat when presented in the new formulation, more than threequarters of
participants gave the right answer. This gudy, along with severa similar studiesin
which studies from the heuristics and kases traditi on were rewritten in terms of
frequencies (Fiedler 1988,Hertwig and Gigerenzer 994) were seen by many as a strong
chall enge to the pessmistic daims made by heuristics and bases reseachers.

A secondexample of the evolutionary approach has been the @temptsto explain
resporsesto various versions of the Wason selediontask detailed in 2.2. The Wason
seledion task has been shown to be highly context-dependent, but exadly what aspeds of

context play arole in successat the seledion task has been a matter of considerable
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confusion. For instance, in awell know reformulation d the selediontask, Griggs and
Cox (1982 presented participants with four cards, two of which were labeled with drinks
(one bee, ore anonacohdic beverage) and two cards with ages (one over 21 and ore
under 21). Participants weretold that eat card had adrink on ore side and the aye of
the person dinking onthe other side. Participants were then asked to indicate which
cads must be dhedked to determine if people were obeying the law that: ‘if apersonis
drinking beer, then he or she must be over 21!

Unlikein the original formulation, in which ony 25% of people seleded the two
cads necessry to test therule, 79% chose the wrred cardsin this formulation.
Cosmides and Tooby (1992 explained the diff erences found ketween the two
formulations by pasiting that animals would have esolved a mecdhanism designed to
deted cheders over the murse of our evolutionary history because this would
significantly increase fitness This would explain why people ae goodat solving the
Wason seledion task when the context isrelated to cheaing but bad at it when thetask is
provided in abstrad terms. Resporses to the Wason seledion task can be predicted with
ahigh degreeof successbased onwhether the mntext would adivate the hypotheticd
‘cheder detedion modue that Cosmides and Tooby posit.

Evidencefrom evolutionary psychology seemsto indicate that our reasoning may
be much better than the heuristics and hases literature has led usto believe. Aswith the
heuristics and hases tradition, Samuels and Stich (2004 have identified three

increasingly optimistic daims made by evolutionary psychdogists:
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4) There ae many reasoning and dedsion-making problems onwhich
peopl€ sintuiti ve judgments do nd deviate from appropriate norms of
rationality (295).

5) Many of the instancesin which ou judgments and dedsions acord
with appropriate norms of rationality areto be explained by the fad
that, in making these judgments, we rely on mental modues that were
designed by natural seledionto doagoodjob at nondemonstrative
reasoning when provided with the sort of inpu that was commonin
the environment in which ou hominid ancestors evolved (295).

6) Most or al of our reasoning and dedsion making is subserved by
normatively unproblematic “elegant machines’ designed by natural
seledion, and thus any concerns abou systematic irrationality are
unfounced (295).

These three ¢aimsill ustrate just how diff erent the Panglosgan pasitionis from
the heuristics and hases position. Where heuristics and bases reseachers concave of
human reasoning and deasion-making as relying on the ‘ shoddy software’ of
normatively problematic simple heuristics, evolutionary psychaogists hald that most of
cognitionis srved well by elegant madines designed to work optimally in amost any
circumstancewe encourter. Even in cases where the heuristics and bases approach
suggest that humans arerationdl, it is quite different from the rationality the evolutionary
psychology program imagines. In ore cae humans are deamed rational becaise even
though thereisasignificant gap between the descriptive ailiti es of humans and the
normatively suggested solutions, the impoverished cognitive processng of humansis
such that they are doing the best they can. From the Panglossan perspedive, humans are
also dang the best they can, bu ‘the best they can’ is quite dose to namatively optimal,

oncewe have gplied the gpropriate normative system. How to resolve the differences

between these two pasitions has been ore of the primary focuses of the contemporary
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rationality debate. In the next sedion and the remaining chapters the focus of the thesis

will be onarecent propasal for resolving these diff erences.

2.4. AMidde Ground?

Recently, phlosophers (Samuels & Stich 2004,Samuel s forthcoming, Poll ock
1997), psychdogists (Evans 2003, Stanovich 1999, 2004K ahneman and Frederick
2002, and reuroscientists (Montague 2006 have propased that the extreme positions of
the heuristics and bases tradition onthe one hand and the Panglossan approad onthe
other can be reanciled with eat ather through athird, more moderate, pasition.
Defenders of this pasition reagnize both that there ae many casesin which people
systematicdly reasonin ways that diverge from normatively predicted responses, bu aso
that there ae many casesin which peopl€’ s resporses track the normative solutions quite
closely. Interms of the three ¢aimsthat Samuels and Stich (2004 identify for eath
pasition, the moderate pasition accets bath the pessmistic dam (1), which saysthat on
alarge number of tasks, people deviate from the rationall y suggested response and the
optimistic daim (4) which saysthat there ae alarge number of situationsin which
people do kehave rationally. Certainly given the immense anourt of reasoning and
dedasion-making that people doin everyday life, thereisroom for ea o these daimsto
betrue. Claims(2) and (5) are dso bah paentialy true statements abou the
medhanisms underlying reasoning and dedsion-making, and there is no prima facie
reason that these daims are in conflict. Claim (2) propcsed that many cases in which we

deviate from the rationall y suggested resporse we ae relying uponsimple heuristics,
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whereas claim (5) propased that our rational reasoning and dedsion-making is
underscored by evolutionarily seleded modues. Unlike dams (1), (2), (4), and (5)
however, the moderate takes both claims (3) and (6) to be moments of “rhetoricd
flourish” (Samuels, Stich & Bishop 2002 and more importantly halds that both are most
likely false. Nothing in the evidencefrom either side gppeas to suggest either that (3),
which clamsthat al we haveto rely onin deasion-making and reasoning are poaly
performing heuristics, or (6) which clamsthat all or most dedsion-making and reasoning
is suppated by “normatively unproblematic” modues are true and when taken as a
whale, the evidence from ead side of the debate seems to falsify the theoreticd claim of
the other.

To explain the entire set of data from reseach onreasoning and dedsion-making,
this moderate pasition propases a dual-processtheory in which there ae two dstinct
types of cognition. These two types of processes will be explained in considerable detail
in the foll owing chapter. After outlining the dual-processtheory, | will argue that the two
types of cognition are particularly sensitive to two dfferent conceptions of rationdlity,
one evolutionary and the other the normative rationality suggested by the Standard
Picture. By reagnizing that there ae two systems ead operating acrding to a
different conception d rationality, we can make progressin studying human rationdality,
and additionally, develop rew paths that both namative and descriptive reseach in

rationality shoud focus on.
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Chapter 3: The Dual-Process Theory

Dual-processtheories have recently become popuar explanations of many aspeds
of cognition. According to dual-processtheories, there aetwo dstinct types of systems
that underlie our cognitive processng (Chaiken & Trope 1999. One system typicdly
operates quickly, is nonconscious, can operate in paralel with ather processes, is
relatively undemanding of cognitive resources, and is often thought to be assciated with
the emotions and intuition. Many believe that this evolutionarily older system is shared
with ather animal spedes. Conversely, the seamndsystem is dow at processng
information, unar volitional control, is sria initsinformation processng, isrelatively
demanding of cognitive resources, and is often associated with reason a rationality. This
system istypicdly thought to have evolved more recently andto be an exclusively human
property. Although these two systems have been labeled in many ways depending onthe
domain of interest and the aspeds of the systems that particular theorists want to
highlight, to stay as neutral as possble with regard to the two processes, | will adopt
Stanovich’s (1999 terminalogy of cdli ng the two processes simply System 1 and System

25

3.1. §stem1l
As Stanovich (2004 has pointed ou, even the relatively neutral System 1
terminoogy brings with it a serious problem. Speaficdly, it impliesthat thereisasingle

System 1. Infad, thisisamost certainly not the cae. There ae most likely multiple

® For athoroughlisting of the various theorists and the labels they have given to the two processs, see
Stanovich (2004 35).
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systems that med the aiteriafor being considered a System 1 process(exadly what these
criteria ae, and hav System 1 processes shoud be cdegorized will be addressed
shortly). Stanovich writes: “Using aterm...which implies asingle cognitive system...is
redly amisnomer. Inadudlity, the term used shoud be plural becaiseit refersto a
(probably large) set of systems” (2004 37). Stanovich describes System 1 processes as
an “autonamous <t of systems’ (2004 37) that share many properties with classc
Fodaian modues (Fodar 1983, bu diverge in important ways and shoud na be thought
of simply as modues.

Like modues, System 1 processs aretypicdly fast, automatic, and “ mandatory”
in the sense that “their operationis obli gatory when triggered by relevant stimuli; central
systems canna make [ System 1] processes refrain from triggering.... Central processes
can, hovever, override the output of [System 1] in determining aresporse” (2004 39).
System 1 processes operate quickly and dacelittl e strain oncognitive resources becaise
they have devel oped through evolutionary history to ded with speafic problems common
in anatural environment, are triggered by a minimal and speafic set of stimuli, and
produce stereotyped resporses that do nd require anscious control. Because of this,
however, System 1 processes are susceptible to error when they are triggered in a
situation that does nat match the environment or problem type in which the processwas
designed to operate dficiently.

Thisfailing of System 1 has been dff ered as an explanation d the data of both the
heuristics and bases approach and the evolutionary psychology approach to reasoning

and cedsionrmaking. As Samuels, Stich, and Bishop (2002 have pointed ou,
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evolutionary psychalogists have focused their reseach ontesting reasoning and dedsion
making abiliti es with an eye to the way these problems would have been presented to our
evolutionary predecesrs. In ddang so they have foundthat in these types of situations,
humans (and aher animals) are quite good“intuiti ve statisticians’ (Cosmides and Tooby
1996 and uility maximizers (Glimcher 2003. In contrast, heuristics and hases reseacch
has tended to rely on problems that are cnsiderably withdrawn from the format in which
our predecesors would have receved probability information (Kahneman and Tversky
1973. Wewould exped, given the properties associated with System 1, to find

diff erences between evolutionarily common and urcommon reasoning and dedsion-
making problems.

Unlike Fodaian modues, an important charaderistic of System 1 isthat they are
not a dealy spedfied set of systems. According to Foda, modues are exclusive to the
five senses and language. System 1 processes are not restricted to these systems. They
include many higher cognitive processes, such asreasoning and dedsiorn-making, and
with pradice educaion, and training, processes that oncerequired System 2 processng
(which will be explained in the foll owing sedion) can be integrated with and eventually
beame part of System 1 processes. Thiswill become an important asped of the dual-
processtheory in relation to rationality, for it will allow for the hope of an ameli orative
projed aimed at improving human reasoning and dedsion-making so that it more often
approximates normative rationality.

Although there is a sense in which System 1 processes are deeoly “unintelli gent”

in that they are highly inflexible, respondng to simple triggering stimuli regardlessof
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context, and running to completion d their processeven in cases where inhibiti ng this
resporse might be alvantageous, this smple processng is also their gredest virtue.
Foda’s (1983 comments regarding the simil ar ladk of intelli gence of modues cgpture
this paint: “What you save by this sort of stupidity is nat having to make up your mind,
and making up your mind takes time” (64). Becaise humans cogniti ve resources are
constrained in many ways, the “fast andfruga” style of System 1 processes are aucialy
important to an organisms survival.

A fina comporent of System 1, which Stanovich (1999 in particular has dressed
isthelad of individual differencesin System 1 processng. Evidence suppating this
claim has come from a series of studiesin which performance onreaoning and cedsion-
making tasks has been compared with standard measures of anayticd intelli gence(i.e.
IQ, SAT scores) (Stanovich and West 1998,Caponet al. 2003. These studies have
foundthat in reasoning and dedsion tasks that emphasize frequency and contextual
evidence such as those favored by evolutionary psycha ogists, thereis no correlation
between performance onthe task and analytic intelli gence However, ontasks of the type
favored by heuristics and bases reseachers, there ae significant correlations found
between performance onthe task and analytic intelli gence. These findings have been
interpreted as off ering evidencefor the lad of individual differencesin System 1
processng. When tasks are aontextual and provided in a frequentist format, for example,
System 1 processes are likely to arrive & the normatively corred answer, andit ison
these types of problemsthat no significant individual diff erences are found. On tasks that

require System 2 analytic cgabiliti es, large individual diff erences have been found.
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To summarize, System 1 charaderizes kinds of cognitive processes that are fast,
automatic, unconscious, mandatory, use few cognitive resources, show few individual
differences and developed relatively ealy in ou evolutionary lineage. System 1
processng is highly sensitive to context, and produces nea-optimal responsesin
situations that our evolutionary predecessors would have encountered. As has been
briefly indicaed alrealy, the properties of System 2 stand in stark contrast to the
properties that have been identified with System 1. The next sedionwill focuson

detaili ng the primary comporents of System 2 processes.

3.2. §stem?2

Aswith System 1 processes, it islikely that System 2 isnot one particular system,
but rather severa systems that processinformationin aparticular way. Whether System
2 is one system or many is a cnsiderable antroversy within the study of dual-process
theories. Evans (2002, for instance, has argued that System 2 is necessarily asingle
central procesgng system because it isonly in relation to this g/stem that the multiple
System 1 processes can be meaningfully grouped. Hewrites: “All that redly links dual-
processtheories together is the nature of System 2 and the way in which implicit and
autonamous processes (of whatever kind) appea to compete with it for control of our
behavior” (205. Although there may be reasons for thinking that as a matter of fad
humans have only a single System 2 process thereis certainly no reason that necessarily
humans must have asingular System 2 process Like System 1, it will be most useful

from the standpdnt of making scientific progressto think of System 2 as a particular type
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of cognition, with several charaderistic comporent parts. It isan empiricd question
whether there ae one or many System 2 processes, bu it is certainly not founditional to
the concept of a System 2 processthat humans only have one.

System 2 processes are charaderized by their slow, serial information rocessng.
Asoppased to System 1 processes that can quickly run many tasksin parallel, System 2
processng islimited by being able to engage only onetask at atime. System 2
processng is not only significantly slower than its evolutionarily older courterpart, but
requires sgnificantly more cognitive resources aswell. These resources include working
memory cgpadty, time, and attention among many others. Taking these problematic
aspeds into consideration, ore might initially wonder whether System 2 processes $oud
be considered an urfortunate hindrancein ou cognitive make-up. However, System 2
processes al ow for many of our most important cgpabiliti es, such as abstrad reasoning
and vditional control and turn ou to be of particular importance when considering the
impad of dual-processtheories for the rationality debate.

Among the primary advantages of System 2 procesgng isthat it “allows usto
sustain the powerful context-freemedhanisms of logicd thought, inference, abstradion,
planning, dedsion-making, and cognitive cntrol” (Stanovich 2004 47). System 2
processs al ow us to contemplate the future and to think counterfacdually and abstradly
abou concepts freeof their natural context. Additionally, and perhaps most
charaderistic of System 2 processng, it allows for conscious control. Contrary to
System 1 processes, which respond bBindy to spedfic stimuli and produce astereotyped

resporse that once begun must foll ow through to completion, the anscious control of
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System 2 alows for flexibility and credivity in the type of resporse generated. Asour
world becomes lessand lesslike the environment that our evolutionary predecesors
engaged with, this flexibilit y becomes al the more important.

A last comporent of System 2 processng, and perhaps the most important with
regard to the stancetoward human rationality which | adopt here, isthat of its ability to
“override” System 1 processes. JohnPollock’s (1991 work has been espedally
important in emphasizing this feaure of System 2. For Poll ock, this override comporent
iscrucia for tempering the stereotyped Systeml processes when they are adivated in an
environment or situation in which they will produce negative results. As an example,
Poll ock pantsto the System 1 processthat predicts the trgjedory of an oljed in motion.
This System 1 processproduces quick, and for the most part, reli able judgments about
tragjedory. However, there ae situations and environments in which the System 1
processes will | ead to substantially unreliable judgments of trajedories.® In these cases,
System 2 processes can override the System 1 judgments. Exadly how this override
ability of System 2 occursis poaly understood,and an important question to resolve
within the study of dual-processtheories. Aswe will seein Chapter 4 however,
neuroscientific reseach is beginning to provide us with information abou this override
function o System 2.

The override problem pointsto alarger gap in the understanding of dual-process

theories, that of how the two systemsinterad with ead ather. Although some

® For afamili ar example of this phenomenon, one might think badk to the “moon bounce” ball s avail able in
many supermarket vending machines that many kids play with. Because of the imperceptible spin and the
spedal properties of the material the ball s are made out of, when bounced, the ball s would seen to dart and
bouncein completely unexpeded dredions.
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philosophicd work has been dore onthis problem (Scafe manuscript) and several
theorists have posited plausible theoreticd models (Haidt 2001,Evans 2003 the spedfics
of how these systems interad remains in many respeds an open guestion. Aswe shall
seein the next chapter, ore of the most promising aspeds of taking a cgnitive
neuroscience approad, andin particular a neuroeconamic goproad, to the study of
reasoning and cedsion-making isthat it may provide information abou the interadions
between the two systemsin away that purely behavioral reseach canna.

To reiterate the key comporents of System 2 processes, they are typified by slow,
serial, context-independent processng and have developed relatively recently in our
evolutionary history. Additionaly, they alow for conscious control, provide substantial
amourts of flexibility in their operation, bu also creaing significant demands upon
cognitive resources, particularly working memory. A last component commonto System
2 procesesisthe adility to override the rote, and sometimes unreli able, resporses
generated by System 1 processes. Although this override mmporent has nat been
thoroughly detail ed in the literature, | will propose that a mgniti ve neuroscience

approach will shed new light on these interadions.

3.3. §stem 1 and §stem 2 asInvestigative Kinds

Now that the two systems comprised within dual-processtheories have been
established, it isimportant understand the most efficient way to study them. This
question hes recently been addressed by Richard Samuels (forthcoming), who hes

defended aview of System 1 and System 2 as cognitive kinds. On Samuels’ view,
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System 1 and System 2 are distinct cogniti ve kinds becaise they provide auseful way to
systematicdly and reli ably decompose aognition. By and large | agreewith Samuels
analysis of System 1 and System 2, but will adopt the language of investigative kinds
(Brigandt 2003 as amore useful label for the two systems, in particular becaise it
emphasizes their rolesin scientific investigation. Although thisis not the placefor a
thorough defense of System 1 and System 2 asinvestigative kinds, | will present in some
detail what | take investigative kinds to be, and why it is beneficial to think of System 1
and System 2 as investigative kinds.

Although sedions 3.1and 3.2identify many important properties, individual
reseachers have tended to focus on a single property that divides processes into either
System 1 or System 2 processes. For any distinction that has been made to dstinguish
the two processes, ore reseacher or ancther has focused onit asthe single aiterionfor
classficdionas either a System 1 or System 2 process Although classfying the two
systems acording to this sngle aiterion method hesits advantages, chief among them its
theoreticd econamy, it suffers from a serious problem. If dual-processtheories merely
offer the daim that cognitive processes can be divided acrding to some aiteria
(fast/slow, conscious/unconscious, automatic/controll ed), then the theory becomes an
uninteresting one because the daim is much too lroad to lead to useful generaizationsin
scientific investigation. It looks like the theory, concaved in thisway, is probably true,
but trivially so. The fad that some gnitive processes are faster than athers, or that we
have more or lesscontrol over some processs has been well establi shed in cognitive and

socia psychalogy, andif thisisall that the dual-processtheory isill ustrating, then it is
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hard to seewhat isinteresting abou it, and even harder to seehow it would provide any
usefulnessin scientific investigation.

However, dual-processtheories do say something interesting abou cognition.
Properly conceved, it isnot the fad that cogniti ve processes vary acrding to some
property or other, but that thereis adistinct set of properties charaderistic of System 1
and System 2 processes (seeFig. 1at end d chapter), and that these properties tend to
cluster together (Samuels forthcoming). That isto say, cogniti ve processes that exhibit
one property thought to be dharaderistic of System 1 (i.e. fast processng) also tendto
have several other properties associated with System 1 processng (i.e. automaticity, ealy
evolutionary development, and unamanding of cognitive resources). One of the primary
advantages of cluster conceptsis that they all ow for borderline caes, and dspense with
the need for arigid set of necessary and sufficient condtions. Although System 1
properties tend to cluster together, and li kewise for System 2 properties, individual
System 1 and System 2 processes nead nd, and likely will not, contain al of the
properties associated with the system.

If thisisthe proper way to conceive of System 1 and System 2, then it all eviates
one aiticism that has recently been mounted against dual-processtheories (Evans 2006.
This criticism has focused onrecent empiricd evidencethat shows that there ae some
processes that are bath fast, automatic, and cognitively cheg, bu amost certainly
evolutionarily recent in human development (Girelli et al. 200Q. It has been argued that
these types of cases, in which processes exhibit many of the properties of System 1, bu

have some overlap with System 2 properties, pu presaure on dual-processtheories. But,



33

if the duster concept view is corred, then there ae no recessary or sufficient properties
for caegory membership; al that isrequired is that the system exhibits a sufficiently
large number of the properties that charaderize it.

Thisformulation d the System 1 and System 2 concepts leads to the question d
whether they shoud be @mnsidered as natural kinds. Certainly, the cnception d the two
systems as relatively stable property clustersisin the spirit of many contemporary
explanations of natural kind concepts (Boyd 1988, 1999K ornblith 1993, 2002
Recently however, Paul Griffiths (2004 has argued that it may be gpropriate to cease
using the label of natura kind as extensively asit currently gets used, dwe in large part to
its historicd baggage. As Griffiths pointsout, “the adual name ‘natural kind has been
rendered increasingly inappropriate by what Boyd has termed the ‘enthusiasm’ for the
concept to which it refers’ (2004 906). Emphasizing this enthusiasm, Griffiths points
out that the insights into scientific pradice garnered from the natural kind model have
been usefully andjustifiable gplied to areas outside the natural sciences (particularly to
psychalogy), bu that the termitself is problematic outside of the natural sciences. Ashe
putsit: “Given the historicd baggage that attaches to the term ‘natural kind and its literal
inappropriatenessto many of the scientific caegoriesto which it isnow applied, it seems
preferable to introduce an dternative” (ibid.) The dternative which Griffiths favors, and

which | will adopt here, isthat of an investigative kind (Brigandt 2003.

Ingo Brigandt (2003 introduced the term investigative kind. Describing

investigative kinds, Brigandt writes:
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Aninvestigative kindisagroup d things that are presumed to belong
together due to some underlying mechanism or a structural property. The
ideathat these entiti es belong to akind might be due to some interesting
similarities. Instead, an investigative kindis edfied by some nontrivial
underlying fedure or processthat is presumed to acourt for the observed
simil arities. An investigative kind concept thus originates when a cetain
pattern among a dassof objedsisobserved and it is assumed to be
founded onsome theoreticdly important, bu yet unknown relevant
medhanism that generates this pattern. (2003 1309

Foll owing from this passage, investigate kinds are typified by their role in scientific
enqury. Investigative kinds grouptogether setsin such away that meaningful inductive
generali zations can be made based onthem. Brigandt highlights criteria that
investigative kinds dhare. These aiteria ae:
1. They pick out aset that is presumably related based onan underlying
structure or mechanism that the members of the set share.
2. They originate when a pattern is recognized among a dassof objeds
that is assumed to be based in some common medhanism or underlying

structure.

3. They are assciated with the empiricd seach for the mechanism
underlying the kind.

4. They will be guided by hypotheses about the underlying medhanism.

5. They will li kely undergo revision based onfindings from scientific
investigation. Thisrevision may take the shape of mild adjustments to
the aoncept, the splitti ng of the mncept into two distinct concepts, or
even elimination d the concept compl etely.

Criteria (1) and (2) ill ustrate the focus of investigative kind concepts on

underlying structure and mechanisms that tie together the members of agiven

investigative kind. For System 1 and System 2 processes, this underlying mecdhanism
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takes the form of the property clusters addressed ealier. Criteria(3) and (4) and (5)
highlight the interplay between theses concepts and the scientific process Investigative
kinds both shape and are shaped by the empiricd research into the awncept. Initial
hypotheses abou the investigative kind concept in question leads to particular reseach
questions and methoddogicd approadies. In turn, the outcomes of these investigations
provide increasingly rich information abou the cncept, leading to revision d theinitial
criteriafor caegory membership.

This processhas been caried ou over the history of the study of dual-process
theories. Dual-processtheories were initially posited to explain the perplexing patterns
of behavior foundin reasoning and dedsion-making research. They were propased to
explain the seemingly confli cting findings of heuristics and hases and evolution
psychaoogy reseachers. Theseinitial (and qute simplistic compared with current dual-
processtheories) theories led to speafic programs of research (individual diff erence
studies, studies of base-rate negled) that generated more data that were used to refine and
reformulate the system 1 and System 2 concepts. In this badk and forth interplay between
the concept and the eampiricd data generated from and abou it, significant forward
progressis made. Inthe cae of dual-processtheories this progresshas manifested itself
in an increasingly meaningful way of partitioning cogniti ve processes, and a degper and
richer understanding of many of the most puzzing aspeds of particular domains of
human cognition, including thase of interest for present purpaoses: reasoning and

dedsion-making.
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Recently, anew approach has been taken to studying dual-processtheories of
reasoning and cedasion-making. This new cogniti ve neuroscience gproad is arealy
uncovering new information abou the nature of dual-processtheories andin particular
the way in which system 1 and system 2 interad with ead ather. This approad, which
isthe focus of chapter 4, stands to add much to the study of both dual-processtheoriesin

general andto thelir rolein reasoning and dedsion-making tasksin particular.

Table 1: Charaderistic Properties of System 1 and System 2

System 1 System 2

Fast Slow

Automatic Controlled

Parallel Serial

Unconscious Conscious

Context sensitive Not context sensitive
Evolutionarily Old Evolutionarily young
Undemanding of resources |Demanding of Resources
Mandatory Flexible

Few individual differences Significant Individual Differences
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Chapter 4. Evidence From the Cognitive Neuroscience of Judgment and Decision-
Making

Recantly, severa studies have gplied a mgniti ve neuroscience gproad to
studying human reasoning and deasion-making. This approach merges traditional
behavioral tasks, such as those discussed in chapter 2, with modern neuroscientific
methoddogies sich as sngle-cdl reardings and reuroimaging. Much of thisreseach
has come to be known as neuroeconamics. Although still afield initsinfancy,
neuroecnamics—the merging of methoddogies and reseach questions from
neuroscience, eanamics, and cogniti ve psychology—has already made significant
contributions to the understanding of human dedsion-making. By bringing
methoddogies from the neurosciences to bea on these questions, there is potential to
more thoroughly understand hav dedsions are made, and also to begin comparing
information abou human neurobiology with the hypotheticd cognitive medhanisms
paosited in much of cognitive science It isthislast asped that has been of most
usefulnessin relation to dual-processtheories.

Part of the conception d System 1 and System 2 processes as investigative kinds
isthe nation that all i nstances of the kind are cnneded by some underlying structure or
medhanism. Although there is much that can be leaned from purely behavioral studies,
they are dso limited in many well-known ways. Chief among their limitationsis that
they give dmost no dred evidence dou the medhanisms underlying the domainin
guestion. Daniel Gilbert (1999 humoroudly ill ustrates this point with an analogy

between the psychadlogicd reseacher and agood cetedive. He writes:
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Althouwgh atalented detedive may be ale to rule out one or more

architedures, no dcetedive canrulein just ore.... When inferences abou

architedure aeinformed orly by knowledge of inpus (tap tap) and

outputs (spurt spurt) then the conceptual Eredor Set of gates, sensors, and

other optional accessories aff ords the aedive tinder an endessnumber of

ways to link the tapping to the spurting. (8)

It isinimproving this shortcoming of behaviora methoddogies that cognitive
neuroscienceis most beneficial. Although it brings with it ahost of its own
methoddogicd worries,” these ae nat insurmourtable, and the benefits of a mgnitive
neuroscience gproad alow reseachersto ask questions and investigate their areaof
interest at alevel that would never be posgble through traditional behavioral studies.
The aility to open upthe ‘bladk box’ of the mind for the first time, and to examine the
physicd processes occurring in the brain al ow for significantly stronger inferences abou
the medhanisms underlying reasoning and dedsion-making.

Cogniti ve neuroscience dso al ows for dedsion-making reseach to occur at
several levels. Studies using neuroimaging tedhndogies uch as functional Magnetic
Resonance Imaging (fMRI) have cgtured much o the interest in the aeg bu thereis
also significant work being dore bath at the moleaular level (Kosfeld et al. 2005 and at
the single neuron level (Glimcher 2003. By operating at multiple levels, and using
multi ple methoddogies, the aogniti ve neuroscience gproad has quickly developed an

impressve anount of information abou the workings of the brain duing dedasion-

making and reasoning tasks.

" SeeHardcastle & Stewart (2002 for a particularly thoughtful criti que of cognitive neuroscientific
methoddogies. Among the aiticisms of fMRI are that it ladks sufficient spatial and temporal resolution,
that it measures neural adivity indiredly throughbloodflow, and that appropriate parameters for data
analysis have yet to be developed and widely accepted.
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Although thefield is gill far tooyoung to draw conclusive aguments one way or
the other abou whether humans are rational or nat, there is already ample evidencefrom
which we can begin to seehow major problems within the rationality debate may be
resolved. Theremainder of this chapter will first discussthe brain regions that have been
proposed as neural correlates of System 1 and System 2 processs. | will then review
several recent studies from the cogniti ve neuroscience of reasoning and cedsion-making.
These studies lend additional suppat to the dual-processtheory of dedsion-making, and
have proved espedally useful in improving our understanding of the way that System 1
and System 2 interad in the brain.

Matthew Lieberman (2007 has propased that the neuroscience of higher-level
cognition (particularly socia cognition such as dedsion-making) can be fruitfull y studied
by adopting a dual-processtheory. He focuses largely onthe automatic and controll ed
feaures of System 1 and System 2 respedively, and hes suggested severa brain areas
that may underlie System 1 and System 2 processng. Thereis often adanger in
cogniti ve neurosciencereseach that the “how’ question which motivated the reseach
(i.e. how do people make dedsions) will be replaced with apotentialy lessuseful
‘where’ question (which areas of the brain are adive when people make dedasions). Both
because of this concern, and kecause of isaues of spacewithin thisthesis, | will briefly
lay out some of the primary brain areas which have been impli cated with regard to
System 1 and System 2, and then turn more thoroughly to how knowledge of these aeas
can is useful in furthering the understanding of dual-processtheories and the neural-basis

of dedasion-making and reasoning.
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The brain systems that Lieberman (2007) nominates as potentially underlying
System 1 processes include the anygdala, basal ganglia, lateral temporal cortex (LTC),
ventromedial cortex (VMPFC), and dasal anterior cingulate cortex (dAACC). In keeping
with the aiteriafor System 1 processes, eat of these brain systems has been implicaed
in automatic, nonconscious, and relatively fast aspeds of cognitive processng.
Additionaly, eah o these brain systems developed relatively ealy in ou evolutionary
history.

In contrast to these brain systems, Lieberman propases svera others that may
underlie System 2 processng. These include the rostral anterior cingulated cortex
(rACC), lateral prefrontal cortex (LPFC), posterior parietal cortex (PRC), hippocampus
and medial temporal lobe (MTL). Lieberman emphasizesthe LPFC in particular, writing
that it is “the heat of [System 1], asit isinvaved in numerous higher cogniti ve processes
that are experienced as intentional and eff ortful, including working memory,
implementation d top-down goals and dans, episodic retrieval, inhibition, and self-
control” (296)%. Although much of the work that Lieberman relies uponwhen
caegorizing brain systems relevant to System 1 and System 2 comes from studies of
spedfic brain aress, recent reseach has focused onthe relationships between System 1
and System 2 brain areas during diff erent types of cognitive and social tasks. This
reseach is quickly expanding the understanding of how the two systems relate and

interad with ead ather.

8 Althoughthis is not the placeto review the large literature on ead of the brain areas implicated,
interested readers can find references in Lieberman (2007) to primary research on ead brain area
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One methodfor investigating the neural basis of dual-processtheoriesisto have
participants use tasks that would use dharaderisticaly System 1 or System 2 processng.
If dual-processtheories are wrred, andif there ae distinct brain systems that underlie
System 1 and System 2 processes, then there shoud be significantly different brain areas
adivated duing tasks that heavily favor System 1 or System 2 processng. Infad, in
studies of many areas of cognitive and social neuroscience, including caegorization,
prejudice, self-knowledge, and persondlity, it was foundthat when the tasks grongly
favored System 1 processng, the brain areas noted by Lieberman (2007) as relevant for
System 1 were significantly adive, whereas when the tasks favored System 2 processng,
the aeas noted by Lieberman asrelevant for System 2 were significantly adive (Rauch et
a. 1995,Cunnngham et al. 2003,Lieberman & Eisenberger 2004, Eisenberger et al.
2005. Although thereis certainly much more reseach that needs to be done, andin
many ways the study of the neuroscientific basis of dual-processtheoriesis gill inits
infancy, these studies, and many others li ke them give goodevidencein favor of dual-
processtheories of cognition.

As briefly mentioned abowve, one way in which neuroscientific evidence ca
advance our understanding of dual-processtheoriesis by allowing insight into the
interadions between System 1 and System 2. It isthought that one function d System 2
isto override System 1 in spedfic situations in which its fast, automatic, and non
conscious processng might be disadvantageous. To study this theory, cognitive
neuroscientists have begun to investigate aspeds of cognition where it isthought that an

override of automatic processngislikely to accur. One of the most promising areas for
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this approach isin the regulation and suppresson d emotions. It has been foundin
multi ple studies that passvely viewing emotionall y salient images correlated
significantly with amygdala and VMPFC adivation (both regions thought to underlie
System 1 processng), whereas when participants were told to conscioudly try to regulate
their emotional resporse to the images, there was a @rrelation with bah deaeased
adivation d the anygdala and VMPFC and significant adivation d the LPFC (Ochsner
et a. 2002,Gross1998. Additionaly, it was foundthat during these emotion regulation
tasks, the larger the LPFC response was during regppraisal, the small er the anygdala and
VMPFC resporses were during regppraisal. As Lieberman (2007) putsit:

...Some participants adivated the LPFC alot and ahersjust alittle. The

more any participant adivated LPFC, the greaer the reductionin [ System

1] adivity. Thisanalysis suggests that [ System 2] isnot merely “speaking

more loudy” than [System 1]. Rather, it appeasthat, uncer certain

circumstances, while [System 2] is ge&king up, it is also taking away

[System 1's] “microphore,” so that its volume is diminished. (303
The findings of these studies, aswell as ®veral from the neuroeconamic literature which
will be discussed shortly, have provided significant evidencein favor of dual-process
theories of cognition. Asill ustrated so far, there ae relatively stable sets of brain regions
that are highly correlated with System 1 processng and System 2 processng, aswell as
some evidencethat shows neurally how System 2 might override System 1 in certain
situations. Although thisresearch provides astrong foundation for a general
understanding of the neural basis of dual-processmodels of cognition, it hasn’t looked
spedficdly at the aeas of cognitionthat are of interest in this thesis, reasoning and

dedsion-making. Recently, reseachers have begun to study the neural underpinnings of

ressoning and dedsion-making. This research has been coll edively termed
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neuroeconamics, andin only ashort period d time, it has already begunto provide an
understanding of what is happening in the brain when people make dedasions. The
remainder of this chapter will focus on research from this exciting new field.

Providing some of the best recent evidencefor a dual-processtheory of dedsion-
making is Sanfey et al.’s (2003 article “The Neural Basis of Econamic Dedsion-Making
in the Ultimatum Game.” Sanfey et al.’s experiment makes use of awell-known game
from behavioral econamics-- the ultimatum game. In the ultimatum game, subjeds are
placel in pairs and ead isgiven arole in the game. Oneisthe propaser and the other is
theresponder. The propaser is given $10to dvide up between herself and the recever
however she seesfit. After the proposer has divided the money, the offer is then told to
the responcer, who can either accept what the propaser has given him, or rged the offer,
in which case neither player gets any money. Thisgameis of particular interest because
it offers, at least acmrding to many theories of econamic rationdlity, very clea
predictions abou how rational agents shoud play the game. According to expeded
utility, the proposer shoud always give & littl e & possble, because that maximizes the
money that she keeps for herself, and the responder shoud accet any offer, nomatter
how small, because it is always better to have some money than to have no money, which
iswhat he will receveif heregedsthe offer. In multiple studiesit has been foundthat
people often behave irrationaly by rejeding low off ers (those in which the recever is
offered 3 a lessof the 10 ddlars).

In Sanfey et al.’ s experiment, participants played the ultimatum game & the

responcer whilein an fMRI scanner. The proposer was played by a omputer, which
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played a spedfic pattern of offers. The participants were deceved into believing that
they were adually playing against another human except in control cases, in which they
weretold that they were playing a computer. To simplify the game, only the foll owing
divisions of the $10were used duing the game: {5,5}, {7,3}, {8,2}, and {9,1}.

The results of the brain scans showed that three a&eas of the brain showed
significant adivation duing games: the anterior insula (Al), the dorsolateral prefrontal
cortex (DLPFC) and the anterior cingulate crtex (ACC). Asnoted previoudly, the
DLPFC and the ACC have been implicaed in System 2 processng, whilethe Al is
known to be sssociated with disgust, pain, and regative anotionsin genera (Derbyshire
et a. 1997,Cader et a. 200). The study foundthat during low offers, adivity in the Al
was increased. When the adivity in the insula becane more adive than the adivity in
the DLPFC and ACC, the player tended to rejed the offer. When the adivity of the
DLPFC and the ACC were higher than that of the Al, the participant tended to accept the
offer. When the participants were avare that they were playing against a ammputer,
regardlessof whether the offer was unfair or nat, Al was not adivated to the degreethat
it was adivated during interpersona play, the assumption keing that the players did na
have an emotional resporse (or at least not one of correspondng intensity) to alow offer
from a computer.

This dudy provides afascinating first glance a multi ple systems competing in the
brain to produce dedsion-making behavior. From these results, it appeas that when
presented with alow offer, there ae multiple brain areas, ore of which (DLPFC) has

arealy been proposed as aneura correlate of System 2 processs, whil e the other (Al) is
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known to be implicaed in negative enotions and pain. By measuring the relative adivity
of these two areas, a high degreeof predictive power abou a participant’s choiceis
gained. This suggests that counter to traditional models, which suggests that there isjust
one system of cognitive processng occurring during dedsion-making, that by embradng
dual-processtheories, and investigating them through cogniti ve neuroscience methods,
we can gain adeger insight into how dedsions are made.

McClure d a. (2004 reported further evidencein suppat of adual-process
theory of dedsion-making. They wereinterested in haw to explain the phenomena of
inequity in time discourting. According to traditional models of econamic rationality
(Koopmans 1960, agents houd trea equal delaysin time equally (e.g. the differencein
utility between receving areward today instead of 24 hous later shoud be equal to the
differencein uility between recaving areward in ore yea as oppased to ore yea and
one day). However, when tested, people offered $10 nev or $11tomorrow tend to take
the immediate option, while when dffered $10in ayea or $11in ayea and a day people
tent to take the $11.

McClure d a. (2004) theorized that inequity in time discounting could be
explained in terms of the interadions between multi ple neural systems. Explaining this
they write:

Short-runimpatienceis driven by the limbic system, which responds

preferentially to immediate rewards and is less nsitive to the value of

future rewards, whereas long-run petienceis mediated by the lateral

prefrontal cortex and associated structures, which are ale to evaluate

trade-off s between abstrad rewards, including rewards in the more distant
future. (2004504
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This hypaothesis was taken to be plausible based on peviousfindingsin severa areas.
First, discrepanciesin time discournting appea to be auniquely human charaderistic. In
amost al other speaes, including our closest primate relatives, delay of gratificaionis
virtually undacumented (Kagel et al. 1995. Given that one of the primary
neuroanatomicd diff erences between humans and all other spedesisthe size of
prefrontal cortex, they hypothesized that gratificaion delay might haveits neura
substrates broadly in thisarea Additionally, evidencefrom patients with brain damage
has suggested that damage to the prefrontal cortex often leads to a diminished ability for
long term planning, as well as atendency toward preferences for immediate rewards
(Damasio 1999.

On these grounds, McClure @ a formulated three enpiricdly testable hypotheses.

1) When given a dhoicethat includes an ogtion for an immediate reward, limbic

structures will be preferentially engaged relative to choices that do nd include

an immediate reward.

2) Areasin prefrontal cortex will exhibit similar adivity acossall choice
conditions relative to when the participant is at rest.

3) When a participant chooses a delayed reward ogtion, there will be greaer
adivity in latera prefrontal areasthat in limbic aess.

To test these hypotheses, participants were given a series of choices between
smaller offersrecaved ealier (i.e. $5immediately following completion d the task) or
larger but delayed doffers ($40given in six weeks) whilein an MRI scanner. McClure
al foundthat all threeof their hypotheses were validated. Areas traditionally asociated
with the limbic system (ventral striatum, medial orbitofrontal cortex, and medial

prefrontal cortex) were significantly more adivated when immediate rewards were
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offered than in trials in which immediate rewards were not offered. They also foundthat
aaossall deasions, there was sgnificant adivation d several areas of lateral prefrontal
cortex, suppating their second hypothesis. Most interestingly from a dual-process
perspedive, they foundthat when the aeas foundto be significant in the prefrontal
cortex were significantly more adive limbic structures, participants were significantly
more likely to choase the delayed choice over theimmediate dhoice

These two studies aswell as sveral othersin related areas sich as moral
judgment (Greene @ a. 2001, 200%and reasoning (Goel & Dolan 2003 have dl found
that when the adivity of the brain is examined, it appeasto operate asif there aetwo
types of processes which interad, and based onthisinteradion, kehavior is highly
predictable. The findings from these studies are highly suggestive of abiologicdly
redi stic dual-processtheory, which McClure & al paint to when they write: “Human
behavior is often governed by a competition ketween lower level, automatic processes
that may refled evolutionary adaptationsto perticular environments, and the more
recantly evolved, uriquely human cgpadty for abstrad, damain general reasoning and
future planning” (2004 506. This charaderizes the dual-processtheory well, and the
behaviora data gathered in conjunction with the imaging data makes the cae even
stronger. One of the hallmarks of System 1 processng isthat it isrelatively fast
compared to System 2. McClure et al. (2004 foundthat when participants chose the
immediate reward, they were significantly faster than when they chose the delayed, bu
larger reward. Additionally, in many of these studiesit has been panted ou that the

faster, evolutionarily older system also has a strong aff edive or emotional comporent
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related to it, which athough na addressed in detail in the ealier discusson d System 1
processng is often thought to be included among the properties typicd of the process
(Sanfey et al. 2006.

Although these studies are only an initial step toward understanding the biologicd
medchanisms underlying reasoning and dedsion-making, they suggest that a agnitive
neuroscience gproach will be ahighly fruitful oneto take. Not only doesit help to
confirm many of the theoreticd claims made éou dual-processtheories, bu it also
allows away to begin making progressinto understanding (1) the underlying medanisms
of the two systems and also (2) the interadions between System 1 and System 2
processes. These have traditionally been two of the most difficult to investigate aspeds
of dual-processtheories, and also two of the most important. Particularly when trying to
draw conclusions abou human rationality, whether or in which circumstances humans
are aleto owerride the older, more hardwired System 1 processes with the more flexible
System 2 iscrucial. Inthe next chapter, | will conclude by returning to the question
underlying thisthesis: are humans rational? Like many who endarse adual-processview
of reasoning and dedsion-making, | think the answer is neither as pessmistic as ome

have daimed na as optimistic as others have ssserted.
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Chapter 5. Conclusion

If it isthe case that human reasoning and dedsion-making are best understood
within a dua-processframework as | have suggested throughou this thesis, then what
does this mean for the study of human rationality? | think it signals a shift in the way that
we traditionall y conceive of the most important questions within the study of rationality.
In thisfinal chapter, | will suggest where | think the study of rationality shoud focus at
both the normative and the descriptive level. Fully drawing out the implications of a
dual-processtheory of reasoning and dedsion-making for rationality would be the work
of amuch larger and more ambitious projed, which | hope to undertake in the future.
But, in this chapter | will sketch the diredionthat | think fruitful projeds within the
rationality debate shoud head.

Asdiscussed in Chapter 2, heuristics and hases reseachers have taken afairly
pessgmistic view of human rationality based onmany studies that appea to show that
people do nd perform acarding to the prescriptions of various normative theories.
Conwersely, evolutionary psychologists have agued that humans are by and large
rational, and have produced their own research to defend this position. | believe that
dual-processmodels give us an explanation d why we find these gparently conflicting
results.

As Stanovich (2004 has suggested, ore fall out of the System 1 and System 2
processsis that they acord well with two dfferent conceptions of rationality. The
evolutionarily older, fast, and automatic System 1 is highly attuned to evolutionary

rationdlity, in which to berational isto reason a chocse so asto maximize fitness Over
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the course of human evolutionary history, System 1 has developed to be highly successul
at leading to those dhoices that maximize the fitnessof the genes of an individual.
System 2, onthe other hand, al ows for the maximization d the type of normative
rationdlity that has been discussed throughou this thesis, the rationality that Stein (1996
cdlsthe Standard Picture. In most cases, bah of these systems of rationality propose the
same dhoice That isto say, most of the time the doicethat is optimal acrding to the
Standard Pictureis also ogimal acwrding to evolutionary rationality. But, thereis
norethelessa significant amourt of deasion-making and reasoning in which the two
systems of rationality do nd suggest the same choice

Evolutionary psycha ogists have tended to focus their reseach onstudiesin
which the reasoning or dedsion-making tasks are presented in away that would make use
of evolutionarily older, System 1 cognitive processes. Additionally they have focused on
casesin which rationality in bah the evolutionary and the Standard Picture sense
prescribes the same dhoice On the other hand, heuristics and bases reseachers have
focused on ceasion and reasoning tasks in which System 1 processs lead to sub-optimal
choices, or on cases in which the evolutionary and Standard Picture systems of rationality
suggest diff erent outcomes. Because of these diff erent focuses, the two groups came to
radicaly diff erent notions of human rational capadaty.

Approaching human rationality from a dual-processperspedive opens up rew
guestions at both the descriptive and the normative/prescriptive level. Descriptively, the
questions of when and hav humans are &leto override System 1 processes with System

2 control beacomes crucial. Additionally, the question d whether people can become
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better at overriding System 1 through education and cogniti ve training becomes crucial.
In answering these two questions, | believe that a agniti ve neuroscience gproach will
beoome particularly useful. It offers us the best current methoddogy by which to
investigate and uncerstand the unique interadions between the multi ple systemsin the
brain that lead to dedsion-making and reasoning. By better understanding the biologicd
and reura properties of ead system, we will be better able to answer the descriptive
questions which, if dual-processtheories are @rred, are most important.

At the normative level new questions for research are introduced as well .
Primarily, a new prescriptive question that arises is when ore shoud make choicesin
acord with System 1 and when ore shoud owerride System 1 choices with System 2 so
asto acaord with the Standard Picture of rationality. Certainly it isnat the case that, even
if it were passble, ore would want to always override System 1 processs. After all,
there ae many, many cases in which the fast and automatic deasion-making of System 1
isfar superior to the slow, and consciously controlled System 2. When ore inadvertently
stepsinto the stred in the path of a speading car, it is certainly better to read quickly,
relying on hardwired System 1 processes than to contemplate the wsts and kenefits of
returning to the sidewalk as oppased to getting hit by a ca.

The normative question becomes when owght one rely on System 1 and when
ought onerely on System 2. By developing reseach into this question, human dedsion
making stands to be significantly improved. Much of the problem within the rationality
debate has been that since both ends of the debate assumed orly one type of cognitive

processng, they did na see alarge oppatunity for improving human rational cgpadties.
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Dual-processtheories suggest that there may be room for significantly improving our
rational abiliti es. In order to develop this potential however, it will require reseach into
the questions suggested here & both the descriptive and prescriptive level. Moreover,
both of these new programs will be highly interrelated. As more descriptive information
isuncovered abou when and hav people can override System 1 processes with System 2
processes, the normative and prescriptive cnclusions abou when ore ought to override
System 1 may change. Moreover, the question d whether humans descriptively are
rational will become amatter of whether, given the cgadties of System 1 and System 2,
they adually do owerride System 1 when it is prescribed that they ought to.

Throughou thisthesis | have propased that the traditional rationality debate, with
the pessmistic daims of heuristics and bases reseachers representing one end d the
debate and the Panglosgan claims of evolutionary psychal ogists representing the other,
has missed a aucial moderate pasition which beaomes viable if dua -processtheories of
cognition are possble. | have suggested that there is goodreasonto believe that dual-
processmodels are auseful distinction within the study of reasoning and deasion
making, espedally when conceived o asinvestigative kind cluster concepts. Moreover, |
have suggested that there is now growing evidence abou the neural underpinnings of
dual-processtheories, and that this evidenceis opening up a new understanding of the
way that the two systems interad to produce behavior. In thislast chapter | have briefly
sketched where | think rationality reseach, bah descriptive and namative, shoud focus

its attention in the future.
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Within the context of the rationality debate, dual-processtheories are an exciting
and | believe important contribution. After more than 40yeas of productive and
extremely important research from both ends of the rationality debate, we ae arrently at
apoint where anew and radicdly diff erent approach can be taken. By merging
methoddogies ranging from phil osophy to psychology and from ecnamics to
neuroscience awedth of new informationis being gathered and ou knowledgeis
expanding at an incredible rate. It appeasthat if thisinterdisciplinary approac
continues onits current path, asignificantly improved understanding of what it means for

humansto berational is aimost on the horizon.
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