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The question of how prior outcomes influence risk preferences is central to all sequential decision settings, and has import

implications for how gains and losses are encoded by decision-makers. Here, we sought to elucidate this process by investigating the

influence of prior outcomes on physiological responses to gains and losses.
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EXTENDED ABSTRACT
The question of how prior outcomes influence risk preferences 

is central to all sequential decision settings. A wealth of evidence 
has shown that such influences are poorly described by subjective 
expected utility (SEU) theory, and that prospect theory, where out-
comes are coded as gains and losses relative to some reference point, 
offers a better framework for analyzing such behavior. However, due 
to the flexibility in how one can specify the reference point, prospect 
theory often fail to offer an unambiguous prediction concerning the 
effects of prior outcomes on behavior. For example, Kahneman & 
Tversky (1979) states that, “there are … situations in which gains 
and losses are coded relative to an expectation or aspiration level that 
differs from the status quo.” 

In the current study, we explored the possibility that psycho-
physiological responses to gains and losses can be used to supple-
ment the theory.  In particular, we examine risk taking, its physi-
ological correlates, and how prior outcomes influence risk attitudes. 
Indeed, there is a long tradition in prospect theory to describe the val-
ue function in terms of psychophysics principles such as diminishing 
sensitivity and reference dependence. Thaler (1999), for example, 
states that the prospect theory value function is “a representation 
of some central components of the human perceived pleasure ma-
chine”, with the reference point, diminishing sensitivity, and greater 
salience of losses relative to gains, as the three core properties of the 
value function. Recent studies in addition, have shown that this latter 
property—loss aversion—is directly reflected in the physiological 
responses (Sokol-Hessner, 2009), raising the possibility that such a 
measure can be a general strategy for understanding how the value 
function changes in sequential decisions.

Specifically, we measure participants’ skin conductance re-
sponses (SCR) to quantify bodily arousal responses, and relate such 
responses to behavior. We observe both behavioral and physiologi-
cal consequences of prior outcomes, suggesting that physiological 
responses are related to the observed behavior. By combining the 
above variables and individual level behavioral and physiologi-
cal analyses, we can explore subtle effects within subjects, and can 
speak directly to the effects of prior outcome on a given individual, 
rather than being limited to group analysis.

In Experiment 1, we investigated behaviorally using 36 sub-
jects how prior gains and losses affected participants risk attitude. 
Upon arriving at the lab, subjects were told that they were to make 
a series of gambles that unfolded in sequential order. Specifically, 
each subject played a roulette wheel task for 60 rounds. Each round 
consisted of 2 stages of roulette gambles that were resolved succes-
sively. The large number of rounds was chosen so that subsequent 
psychophysiology experiment would contain enough trials to obtain 
robust physiological response estimates. At the beginning of the ex-
periment, subjects were endowed with $18. Participants were told 
that, in each stage, they could bet any amount between $0-9, and that 
they would observe the gamble and its outcome regardless of their 
choice. To highlight the chance nature of the gamble’s outcome, we 
displayed a roulette wheel on the computer screen where red slots 
represented winning outcomes, and black squares represented win-
ning outcomes. The roulette wheel spun for 10 s and a white ball 
would then be dropped onto the wheel. The color of the slot that 
the ball stopped at the end of the 10 s determined the outcome. Par-

ticipants viewed a trial gamble before choosing whether or not to 
bet in the target gamble. We included a trial gamble to prevent any 
ambiguity about what would happen during the gambling procedure, 
so that it would be difficult for participants to later reinterpret the 
situation in a way that minimized its affective impact. Results from 
Experiment 1 showed that subjects’ risk attitude differed according 
prior outcome. Specifically, risk taking was greater following losses 
than gains, consistent with the break-even effect.  Importantly for 
subsequent physiological measurement, we found no significant time 
trend with regards to this tendency.   

In Experiment 2, we extended the previous experiment by inves-
tigating how responsibility of the choices affected subjects’ choices. 
This tests for the hypothesis that the breakeven effect is moderated 
by a need to justify or rationalize the initial decision, as has been 
suggested by previous literature.  As in Experiment 1, a total of 36 
subjects participated in the study, each completing 60 rounds. In con-
trast to Experiment 1, however, in half of the trials, the wager amount 
in Stage 1 was assigned at random by the computer and implement-
ed by the subject. In the other half of the trials, the wager amounts 
in Stage 1 were freely chosen by the subject as before. Our results 
showed that the breakeven effect was moderated by whether initial 
choices were free or assigned. Specifically, the breakeven effect was 
reduced when initial choice was assigned, consistent with the litera-
ture on escalation of commitment. 

In Experiment 3 (N=40), we incorporated psychophysiological 
recordings in our experimental paradigm in Experiment 2. SCR was 
measured using Ag-AgCl electrodes attached to the crease between 
the distal and middle phalanges of the first and second digits of the 
left hand. The SCR data were amplified and recorded with a BIOPAC 
Systems skin conductance module connected to a laptop computer. 
Data were recorded at a rate of 200 samples per second. SCR analy-
sis was conducted using AcqKnowledge software (BIOPAC Systems 
Inc.). SCR (in microSiemens, µS) was measured as the trough-to-
peak amplitude difference in skin conductance of the largest re-
sponse in the window 0.5 s after stimulus onset to 4.5 s after stimu-
lus offset. Following standard preprocessing procedures, a minimal 
response criterion was set at 0.02 µS, and responses not exceeding 
this threshold were scored as “0”. SCR data were low-pass filtered 
(25Hz), smoothed (3 sample kernel), and square root transformed to 
reduce skewness. SCRs at outcome were normalized with the dol-
lar amount of the outcome to produce measurements with units of 
µS/$. Consistent with previous literature, we found that SCR during 
outcome reflected magnitude of the gains and losses. More relevant 
for our hypotheses, we found that SCR following the first outcome 
was correlated with the subsequent wagers, suggesting that the ef-
fects due to prior outcome are partially mediated by psychophysics 
of gains and losses as reflected by the physiological responses.  
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