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Deciding Advantageously Before Knowing the 
Advantageous Strategy 

Antoine Bechara, Hanna Damasio, Daniel Tranel, 
Antonio R. Damasio* 

Deciding advantageously in a complex situation is thought to require overt reasoning on 
declarative knowledge, namely, on facts pertaining to premises, options for action, and 
outcomes of actions that embody the pertinent previous experience. An alternative pos- 
sibility was investigated: that overt reasoning is preceded by a nonconscious biasing step 
that uses neural systems other than those that support declarative knowledge. Normal 
participants and patients with prefrontal damage and decision-making defects performed 
a gambling task in which behavioral, psychophysiological, and self-account measures 
were obtained in parallel. Normals began to choose advantageously before they realized 
which strategy worked best, whereas prefrontal patients continued to choose disadvan- 
tageously even after they knew the correct strategy. Moreover, normals began to generate 
anticipatory skin conductance responses (SCRs) whenever they pondered a choice that 
turned out to be risky, before they knew explicitly that it was a risky choice, whereas 
patients never developed anticipatory SCRs, although some eventually realized which 
choices were risky. The results suggest that, in normal individuals, nonconscious biases 
guide behavior before conscious knowledge does. Without the help of such biases, overt 
knowledge may be insufficient to ensure advantageous behavior. 

I n  a gambling task that si~nulates real-life 
decision-making in the way it factors uncer- 
tainty, rewards, and penalties, the players are 
given four decks of cards, a loan of $2000 
facsimile U.S. bills, and asked to play so that 
they can lose the least amount of lnonev and 
win the most (1  ). Turning each card carries 
an immediate reward ($100 in decks A and 3 
and $50 in decks C and D). Unpredictably, 
however, the turning of some cards also car- 
ries a penalty (~vhich is large in decks.A and 
B and sluall in decks C and D). Playing mostly 
iron1 the disadvantageous decks (A and B) 
leads to an  overall loss. Playing from the 
advantageous decks ( C  and D) leads to an  
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overall gain. The players have no  way of 
predicting \?.hen a penalty will arise in a given 
deck, no  way to calculate ~v i th  precision the 
net gain or loss from each deck, and no 

CZ 

knowledge of how Inany cards they must tun1 
to end the game (the game is stopped after 
100 card selections). After encountering a few 
losses, normal participants begin to generate 
SCRs before selecting a card from the bad 
decks (2) and also begin to avoid the decks 
with laree losses (1 ). Patients with bilateral 

CZ ~, 

damage to the ventromedial prefrontal corti- 
ces do neither i 1 , 2). 

T o  investigate v\hether subjects choose 
correctly only after or before conceptual~zing 
the nature of the game and reasoning over the 
pertinent knowledge, we continuously as- 
sessed, durine their oerfor~nance of the task, - 
three lines of processing in 10 normal partic- 
ipants and in 6 patients (3) ~v i th  bilateral 
damage of the ventromedial sector of the ure- 
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fro~ltal cortex and decision-making defects. 
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good decks versus the bad decks; (ii) SCRs 
generated before the selection of each card 
(2) ;  and (iii) the subject's account of how 
they conceptualized the game and of the strat- 
egy they were using. The  latter was assessed by 
interrupting the game briefly after each sub- 
ject had made 20 card turns and had already 
encountered penalties, and asking the subject 
two questions: (i)  "Tell me all you know about 
what is going on in this game." (ii) "Tell me 
how you feel about this game." The questions 
were repeated at 10-card intervals and the 
resuonses audiotaoed. 

After sampling all four decks, and before 
encountering any losses, subjects preferred 
decks A and B and did not generate signifi- 
cant anticipatory SCRs. \Ye called this period 
pre-punishment. After encountering a few 
losses in decks A or B (usually by card lo ) ,  
normal participants began to generate antici- 
patory SCRs to decks A and B. Yet by card 20, 
all indicated that they did not have a clue 
about what was going on. W e  called this 
period pre-hunch (Fig. 1).  By about card 50, 
all normal participants began to express a 
" h u n c h  that decks A and B were riskier and 
all generated anticipatory SCRs whenever 
they pondered a choice from deck A or B. W e  
called this period hunc l~ .  None of the patients 
generated anticipatory SCRs or expressed a 
"hunch" (Fig. I ) .  By card 80, many normal 
participants expressed knowledge about why, 
in the long run, decks A and B were bad and 
decks C and D were good. We called this 
period conceptual. Seven of the 10 normal 
participants reached the conceptual period, 
durine which they continued to avoid the bad 
decks: and continled to generate SCRs when- 
ever they considered salupli~lg again from the 
bad decks. Remarkably, the three normal par- 
ticipants who did not reach the conceptual 
period still made advantageous choices (4). 
Just as remarkably, the three patients with 
prefrontal damage who reached the concep- 
tual period and correctly described rvhich 
were the bad and good decks chose disadvan- 
tageously. None of the patients generated an- 
ticipatory SCRs (Fig. I ) .  Thus, despite an 
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tonomic responses and continued to select 
cards from the bad decks. The patients failed 
to act according to their correct conceptual 
knowledge. 

On the basis of these results, we suggest 
that the sensory representation of a situation 
that requires a decision leads to two largely 
parallel but interacting chains of events (Fig. 
2). In one, either the sensory representation of 
the situation or of the facts evoked by it 
activate neural svstems that hold nondeclara- 
tive dispositional knowledge related to the 
individual's previous emotional experience of 
similar situations (5). The ventromedial fron- 
tal cortices are among the structures that we 
suspect hold such dispositional knowledge, 
the activation of which, in turn, activates 

Fig. 
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Fig. 1. Presentation of the four periods in terms of 
average numbers of cards selected from the bad 
decks (A and B) versus the good decks (C and D), 
and the mean magnitudes of anticipatory SCRs 
associated with the same cards. The pre-punish- 
ment period covered the start of the game when 
subjects sampled the decks and before they en- 
countered the first loss (that is, up to about the 
10th card selection). The pre-hunch period con- 
sisted of the next series of cards when subjects 
continued to choose cards from various decks, 
but professed no notion of what was happening 
in the game (on average, between the 10th 
(range: 7 to 13) and the 50th card (range: 30 to 
60) in normals, or between the 9th (3 to 10) and 
the 80th card (60 to 90) in patients. The hunch 
period (never reached in patients) corresponded 
to the period when subjects reported "liking" or 
"disliking" certain decks, and "guessed" which 
decks were risky or safe, but were not sure of 
their answers [on average, between the 50th (30 
to 60) and 80th card (60 to 90) in normals]. The 
conceptual period corresponded to the period 
when subjects were able to articulate accurately 
the nature of the task and tell for certain which 
were the good and bad decks, and why they 
were good or bad [on average, after the 80th card 
(60 to 90) in both normals and patients]. (Top panels) Bars represent means 
(ZSEM) of the mean magnitude of anticipatory SCRs generated before the 
selection of cards from the bad decks versus the good decks. Anticipatory 
SCRs are generated in the time window before turning a card from any given 
deck, that is, during the time the subject ponders from which deck to choose 
(2). SCRs in association with the good and bad decks from normal controls or 
patients were not significantly different during the pre-punishment (baseline) 
period. However, there was a significant increase in the magnitude of these 

SCRs during the pre-hunchperiod, but only for normal controls. During the next 
two periods, SCR activity in normal subjects was sustained in the case of the bad 
decks, but it began to subside in the case of the good decks (8). (Bottom panels) 
Bars in the "Behavioral responses" plots represent means (ZSEM) of the mean 
number of cards selected from the bad decks versus those selected from the 
good decks. Normal controls selected more cards from the good decks during 
the pre-hunch, hunch, and conceptual periods. In contrast, prefrontal patients 
selected more cards from the bad decks during these periods (9). 

autonomic and neurotransmitter nuclei (such 
as those that deliver dopamine to selected 
cortical and subcortical forebrain regions), 
among other regions. The ensuing noncon- 
scious signals then act as covert biases on the 
circuits that support processes of cognitive 
evaluation and reasoning (6). In the other 
chain of events, the representation of the 
situation generates (i) the overt recall of per- 
tinent facts, for example, various response op- 
tions and future outcomes pertaining to a 
given course of action; and (ii) the applica- 
tion of reasoning strategies to facts and op- 
tions. Our experiment indicates that in nor- 
mal participants, the activation of covert bi- 
ases preceded overt reasoning on the available 
facts. Subsequently, the covert biases may 

Covert activation of 

I biases related to 
previous emotional 
experience of 

Situation 

T 
liagram of the proposed steps involved in decision-making. 

have assisted the reasoning process in cooper- 
ative manner, that is, biases would not decide 
per se, but rather facilitate the efficient pro- 
cessing of knowledge and logic necessary for 
conscious decisions (7). We suspect that the 
autonomic responses we detected are evi- 
dence for a complex process of nonconscious 
signaling, which reflects access to records of 
previous individual experience-specifically, 
of records shaped by reward, punishment, and 
the emotional state that attends them. In this 
light, damage to ventromedial cortices acts by 
precluding access to a particular kind of record 
of previous and related individual experience. 
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Single Molecule Force Spectroscopy on 
Polysaccharides by Atomic Force Microscopy 

Matthias Rief, Filipp Oesterhelt, Berthold Heymann, 
Hermann E. Gaub 

Recent developments in piconewton instrumentation allow the manipulation of single 
molecules and measurements of intermolecular as well as intramolecular forces. Dextran 
filaments linked to a gold surface were probed with the atomic force microscope tip by 
vertical stretching. At low forces the deformation of dextran was found to be dominated 
by entropic forces and can be described by the Langevin function w~th  a 6 angstrom Kuhn 
length. At elevated forces the strand elongation was governed by a twist of bond angles. 
At higher forces the dextran filaments underwent a distinct conformational change. The 
polymer stiffened and the segment elasticity was dominated by the bending of bond 
angles. The conformational change was found to be reversible and was corroborated by 
molecular dynamics calculations. 

Recent ly  a series of si~lule ~nolecule ex~er i -  
lllents provideel cietailed Elsight into inteimo- 
lecular and i~ltranlolecular forces, L~rovicii~lg 
relevant illforlllation on molecular mecha- 
llislns (1-4). I11 prevlous experirne~lts we anci 
others chemicallv linked ~nolecular  airs such 
as biotin and aGidin (3 ,  5), or chnjugated 
DNA strands (6) ,  betrveen the tip of an  atom- 
ic force microscope (AFM) cantilever and 
support structures. I\lolecule-specific bonci 
forces bet\\,een binding pairs were measured 
upon separation and colnpareci with known 
thennodynamic parameters (4). Here we used 
this approach to probe elastic properties of 
single po1y1:mer strands. 

T h e  experilnental geometry is depicted 
in  Fig. 1A.  Dextrans (average lnolecular 
\\eight S00.000) linked to a gold surface - 
through epoxy-alkanethiols were activated 
with one carboxymethyl group per glucose 
unit o n  average (7) and reacted with 
streptavidin such that several ~llolecules 
n.ere chemically bounci to  each dextral1 fil- 
ament (Sensor Chip SAS, Phar~nacia Bio- 
sensor AB, Uppsala, Sn.eden). T h e  mean 
distance hetn.een the  grafting points of tu;o 
different polymer strands was about 200 4, 
and the  hydrate$ "polymer bmsh" extended 
1000 to  2000 A into the  solutioll (7). Be- 
cause 111 nhvsiolou~cal buffer ciextran be- 

L ,  

haves l ~ k e  a n  ideal polylner, the coil overlap 
is expected to  be low. In  our experlrnents 
streptaviciin served as a molecular hancile 
for the  manipulation of the  polylner to he 
~nvestigated. An AFM cantilever rvith hi- 
otin bounci to the AFM tip, following the  
protocol given in (3 ) ,  rvas used to pull o n  
individual dextran filarne~lts through the 
bioti11-streptaviciin bond (8). T o  ~ l l i n i ~ n ~ z e  
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the  number of multiple bonds, which typi- 
callr occur \vhen the  tip penetrates the  
polynler brush, we let the tip approach a~lci 
retract step by step \vithout it indenting 
into the sample ~ l n t i l  a binciing event \vas 
registereci. In this "tlv fishing mocie" the  
u&esirable multiple bAnds call he efficient- 
ly a~roicied (9). Alternatively, one can 
"manuallv" disentallole an  inciividual fila- 
ment froin the  p o l ~ i n e r  brush by slowly 
pulling back the  tip while monitoring all 
~l l~l l t ip le  bonds anci tangles rupturing ~ l n t i l  
just one last filament is stretched (see the  
first trace of Fig. 4, disc~lssed further below). 
This filalnent can then be repeatedly ma- 
nipulateci as lonu as the force is kept below 
the force limit of the  ~llolecular handles. 

Several llleasured elongation curves of - 
dextran strands of various lengths are sho\\,n 
in Fig. 1B ( 1  0). A t  the given extensioll rate of 
0.5 ym/s the biotin-streptavidin bond is 
kno\\,n to hold up to a force F of 250 i 25 pN 
(4).  The  measureci ciefor~llation curves were 
mocieled by entropy springs wit11 segment 
elasticity ( 1  1 ). Although the contour lengths 
L of the poly~ners varieci from 0.4 to 1.6 
6111, the measured KLI~III length IK = 6 i 0.5 
A and th? segnlellt elasticity it ,,,,,,,,,, = 670 i 
100 pN/A shoned only ~nargillal variation 
between the  filaments. This result \\,as re- 
produceci for several hullcired filalnents that 
were measured with different calltilevers in 
ditferent experi~llents (12) .  T h e  fl~ldlng 
that the  segment elastic~ty and K L I ~ I I  
length are virtuallv icientical for all mea- - 
sured dextral1 strands co~ l f l r~ns  that pre- 
dominantly individual filallle~lts are mea- 
sured bv this method and that the  deforma- 
tion of the  couplers is negligible a t  ~ o l y s a c -  
charide le~lgths greater than 2000 A ( 1  3 ) .  

411 interpretation of the llleasured seg- 
ment elasticity is given by ~nolecular dynam- 
ics IMD) calculat~ons. These reveal that at ~, 

lo\\ forces the main contribution of the elas- 
ticity stems from a twist of the C5-C6 bond 
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