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Abstract We successfully manipulated decision confi-

dence in a probabilistic prediction task by means of stress

as induced by excessive cognitive demands. In particular,

our results indicate that decisions (based on high and low,

but not intermediate levels of uncertainty) made under

stress (confirmed by skin conductance measures) are

associated with increased confidence when outcome prob-

abilities are incompletely known (20% residual uncer-

tainty). A different pattern was found when outcome

probabilities were completely known (0% residual uncer-

tainty). Here, stress led to decreased decision confidence

when decisions were associated with intermediate levels of

uncertainty but had no effect in case of high and low levels

of uncertainty. In addition we provide evidence for ambi-

guity—(understood as implicit-risk) assessment being

impaired under stress conditions.

Keywords Decision confidence � Stress �
Skin conductance � Uncertainty � Ambiguity � Risk

Introduction

Everyday we have to make quick decisions under stressful

conditions. One can rarely focus exclusively on one task

but is rather frequently interrupted by competing demands

that are too complex to be solved straightaway. Once, these

cognitive demands and unsolved problems reach a certain

threshold they might lead to a considerable degree of

stress. Emotional states associated with stress influence

people’s reasoning processes, because most intense emo-

tional states are accompanied by high levels of autonomic

arousal (see Pham 2007). Increased arousal states reduce

the processing capacity available for performing cognitive

tasks (Sanbonmatsu and Kardes 1988) and are associated

with more affect-based reasoning (Pham 2007). High

arousal states are also known to impair working memory

capacity (Darke 1988; Humphreys and Revelle 1984) and

cognitive functions mediated by the prefrontal cortex

(Arnsten 2009) as well as they tend to reduce decision

accuracy (e.g. Cumming and Harris 2001; Keinan 1987;

Klein 1996). However, effects of intense arousal on cog-

nitive performance are not always negative (Humphreys

and Revelle 1984). Aroused individuals show increased

efficiency in information processing by narrowing down

their cue-utilization to more diagnostic cues at the expense

of less diagnostic cues (Bacon 1974; Hockey 1973; Pham

1996).

Most importantly for the present investigation, decision

makers’ emotional states can affect their cognitive evalu-

ations of a risk (e.g. Johnson and Tversky 1983). A series

of studies indicate that negative emotion states with strong

arousal increase risk-seeking (e.g. Fessler et al. 2004; Leith

and Baumeister 1996; Mano 1994). Furthermore, incidental

(unrelated to the object of judgment) emotional arousal is

often misinterpreted as an integral (related to the object of
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judgment) affective response to a target resulting in more

polarized evaluations of this target (Reviewed in Pham

2007). According to Gorn et al. (2001) incidental arousal is

misconstrued as an integral response to the target resulting

in polarization because people ‘‘feel strongly about’’ the

target. Now, decision confidence has long been a popular

field of research (e.g. Williamson 1915; Johnson 1939;

Adams and Adams 1961; Fischhoff et al. 1977; Vickers

and Packer 1982; Griffin and Tversky 1992; Baranski and

Petrusic 1998, 1999; Harkin and Mayes 2008; Kepecs et al.

2008). The most prominent finding is the hard-easy effect

or over- and under confidence effect. It denominates the

frequent observation that subjects tend to overestimate the

accuracy of their responses to difficult decisions and

underestimate it for easy decisions. However, results are

conflicting (reviewed in Moore and Healy 2008).

When it comes to stress, Baranski and Petrusic (1998)

speak of the historically ubiquitous finding of equal mean

confidence under speed and accuracy stress (e.g., Festinger

1943; Garrett 1922; Johnson 1939). However, apart from

Schaeffer’s (1989) work the influence of stress on decision

confidence as compared to a straight control condition

seems to lack investigation. Schaeffer (1989) reports that

stress induced by annoying context sound leads to

increased confidence in the decisions that are made. In

short, excessive cognitive demands tend to elicit a stress

response which includes heightened arousal (Schaeffer

1989) and high arousal can increase risk-seeking (Fessler

et al. 2004; Leith and Baumeister 1996; Mano 1994).

The aim of the present study is to replicate the result of a

stress-related increase in decision confidence for stress

induced by excessive cognitive demands and further to

differentiate between decisions associated with varying

degrees of uncertainty. To provide degrees of uncertainty

we applied a decision-task developed by Huettel et al.

(2005) while stress was controlled by a non solvable per-

formance test (META, Gatternig and Kubinger 1994).

Because the results of this experiment immediately raised

further questions we conducted a second, slightly modified

one straightaway, so we report two experiments in the

following. Strikingly, for the second experiment we pro-

vided a condition with 0% residual uncertainty.

Materials and Methods

Experiment 1

Participants

Subjects were 17 (11 females) healthy volunteers (mean

age = 23.8 years, SD = 2.18) recruited from and tested at

the University of Vienna. Participants gave informed

consent and none had any neuropathological history or

were on medication. All subjects were right-handed and

had normal or corrected to normal vision.

Procedure

Participants were invited to sit on a comfortable chair in

our experiment room. Stimuli were presented on a com-

puter screen placed in front of them (distance about 50 cm)

using the software Presentation (Neurobehavioral sys-

tems). The experiment consisted of two sessions. For both

sessions, one single trial was composed of three phases:

context, response and feedback (Fig. 1). During the initial

context phase, a series of eight simple shapes (circle or

triangle) were visually presented one after each other

(400 ms presentation duration; 350 ms inter stimulus

interval) in the center of the screen. The number of shapes

per type (circle or triangle) for each trial was randomly

drawn from a total of five different probability distribu-

tions: 34% chance of eight shapes of one type, 30% of

seven, 17% of six, 13% of five, and 6% of four shapes of

each type. The order of shapes within the series was ran-

domized and trials were equally likely to have more circles

or more triangles. After the offset of the last shape a single

response cue (‘‘?’’) appeared at the center. Now, study

participants had to decide whether the next shape will be a

circle or a triangle based on the instruction that the more

shapes of one kind were prior presented, the more likely

it’s following appearance would be. Subjects indicated

their decision by pressing one of four buttons with their

right hand, arranged from left to right as follows: high

confidence in a triangle, low confidence in a triangle, low

confidence in a circle, and high confidence in a circle. After

that, a single feedback stimulus (either a circle or triangle)

was presented for 1,000 ms.

The probability of each feedback stimulus depended on

how many stimuli of that type had been presented: if eight,

80%; seven, 72.5%; six, 65%; five, 57.5%; and four, 50%.

Thus, the outcome uncertainty associated with each trial

Fig. 1 Schematic view of the experimental design. In each trial,

participants were shown a series of eight simple shapes (circle or
triangle) whose composition provided information for the decision in

that trial. Stimuli were rapidly presented (duration, 400 ms; interval,

350 ms) in the center of the screen. After the offset of the last shape a

single response cue was presented and subjects indicated their

decision by pressing one of four highlighted buttons on a keyboard:

high-confidence triangle, low-confidence triangle, low-confidence

circle and high-confidence circle. In succession a feedback stimulus

was presented that was consistent with the decision or not.

(reproduced and modified from Huettel et al. (2005))
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type is given by the complement of these probabilities, and

ranged from 20 to 50%. As it appeared a more naturalistic

setting, we kept the residual uncertainty of 20% of the

original Huettel-task (Fig. 2). Subjects were never explic-

itly told these feedback probabilities. Again, they were

instructed that if more stimuli of a given shape were pre-

sented this shape was more likely to appear next.

After the offset of the feedback stimulus there was a

500 ms interval before the onset of the next trial. In total,

100 trials were provided. Subjects had no preparatory

training before the session. This first session lasted about

20 min.

For the second session (about 25 min), blocks of ten

trials were preceded by a very difficult nonverbal perfor-

mance test (Fig. 3). During the instruction prior to the

experiment a solvable example-item was presented and

explained while all real tasks used in the experiment wer-

en’t solvable anymore. In the original version of the test

subjects have 5 min to find the correct answer while in the

present study they were given only 30 s. They got no

feedback and there was no timeline informing subjects

about how much time of the 30 s was left. The task is to

apply certain transformation-rules on an initial symbol-

chain and to check which of the 6 additionally presented

symbol-chains on the right side is not producible by means

of these rules. The rules mean the following: A can be

substituted by BA but not BA by A, B can be substituted by

ABB but not the other way round, etc. Subjects can apply

as many rules as they want to and these as often as they

want.

The test in its original form assesses if people abandon

the given rules and look for an alternative way to solve the

items. In this case (the example-task) there is an F inserted

in the 4th row which clearly indicates that this chain is not

producible. However, the later presented items lack this

‘‘trick’’ and are all producible, so that there is no correct

answer. Subjects were told that they could either deal with

the task step by step applying the rules or by looking for

meta-rules, i.e. ‘‘tricks’’. When debriefed they all reported

having tried both ways in turn. Thus, the difference of

session two compared to session one was that cognitive

stress was induced. The order of sessions was counterbal-

anced between participants.

To provide physiological data related to different

degrees of stress between both sessions we measured skin

conductance during the entire experiment. For those mea-

surements we used the Bio-feedback System Nexus-10

(Mind Media BV) and the Software Biotrace?. Skin con-

ductance was measured at 32 Hz by using a SC Sensor

(NX-GSR1A, Ag–AgCl finger electrodes) at participants’

left middle and ring fingers. Subjects were instructed to

keep the left hand in a relaxed position on the table.

Skin conductance data were averaged within both ses-

sions to compare their levels of arousal. It was expected

that cognitive stress leads to higher levels of arousal which

in turn should be evident in measures of skin conductance.

Results

We calculated Wilcoxons signed-ranks tests for all five

uncertainty conditions. In trials associated with 20%

uncertainty subjects showed on average a significantly

Uncertainty  

Experiment 1 Experiment 2

20 % 0 % 

27.5 % 12.5 % 

35 % 25 % 

42.5 % 37.5 % 

50 % 50 % 

Fig. 2 Uncertainty varied with the number of shapes of each type. If

all stimuli were of one type, there was 20% uncertainty in experiment

1 and 0% uncertainty in experiment 2. That is, the probability for the

feedback stimulus was 80% (exp.1)/100% (exp.2) to be of the

presented type. As the composition of shapes grew more balanced, the

uncertainty associated with selecting the more probable shape

increased. (adapted from Huettel et al. (2005))

Initial symbol-chain 

CBB 

Transformation-rules: 

            A    BA 

            B    ABB 

            C    DB 

            D    EC 

            E    EAE 

            BB  CD 

Which chain is NOT producible by means of the given rules? 

                          DCECABB 

                          ECABBDBD 

                          CADBDBABB 

                          CCEAFEAEDB 

                          CBCDAABBB 

                          EBAEDCECBB 

Fig. 3 The task is to apply the given transformation-rules on the

initial symbol-chain and to check which of the 6 symbol-chains on the

right side is not producible by means of these rules. The rules mean

the following: A can be substituted by BA but not BA by A, B can be

substituted by ABB but not the other way round, etc. Subjects can

apply as many rules and these as often as they want. In this instruction

item there is an F inserted in the 4th line, clearly indicating the correct

answer. Note that in the experimental runs all symbol-chains were

producible
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higher decision confidence in the stress condition

(M = .92; SD = .12) than in the control condition

(M = .86; SD = .17), z = -2.158, p = .031 (2-tailed),

r = -0.37. In trials associated with 42.5% uncertainty

subjects showed on average as well a significantly higher

decision confidence in the stress condition (M = .26;

SD = .29) than in the control condition (M = .15;

SD = .19), z = -2.158, p = .028 (2-tailed), r = -0.37.

The same was found for trials associated with 50%

uncertainty (M control = .06 (SD = .11), M stress = .19

(SD = .25), z = -2.383, p = .016 (2-tailed), r = -0.42)

(See Fig. 4). Reaction times measured as the interval

between onset of response cue and button press were

shorter (trend) in the stress condition (M = 1,062.95 ms;

SD = 379 ms) than in the control condition

(M = 1,302.71 ms; SD = 477 ms), z = -1.81, p = .074

(2-tailed)).

Experiment 2

Participants

Subjects were 19 (9 females) healthy volunteers (mean

age = 25 years (SD = 2.47) recruited from and tested at

the University of Vienna. Participants gave informed

consent and none had any neuropathological history or

were on medication. All subjects were right-handed and

had normal or corrected to normal vision.

Procedure

Since we wondered if the observed effects in Experiment 1,

especially for low uncertainty trials, could in part be due to

subjects not taking into account the residual uncertainty

when stressed, we conducted a second experiment where

we used a residual uncertainty of 0% instead of 20%. The

probability of each feedback stimulus depended on how

many stimuli of that type had been presented: if eight,

100%, seven, 87.5%, six; 75%, five, 62.5% and four, 50%.

Here the uncertainty ranged from 0 to 50% (Fig. 2). Apart

from this change this experiment is identical to the first.

Results

Analysis using Wilcoxons signed-ranks test revealed sig-

nificantly higher decision confidence in the control

(M = .5; SD = .31) than in the stress condition (M = .37;

SD = .29), z = -2.017, p = .044 (2-tailed), r = -0.33

for trials associated with 25% uncertainty. For trials asso-

ciated with higher or lower uncertainty we found no sig-

nificant effects. We found no significant differences in

reaction time between conditions although in contrast to

the first experiment reaction times here were on average

longer in the stress than in the control condition (Mcon-

trol = 1,000.63 ms (SD = 403.9 ms), Mstress = 1,066.08

ms (SD = 492.3 ms)) (Fig. 5).

Experiment 1 Versus Experiment 2

Analyses were conducted using a 2 (stress) 9 2 (residual

uncertainty) 9 5 (8, 7, 6, 5, or 4 symbols of the same shape

presented) design Analysis of Variance (ANOVA) on

confidence with residual uncertainty being a between-

subject and stress being a within-subject factor. It revealed

a significant interaction effect of residual uncer-

tainty 9 stress on decision confidence, F (1, 33) = 4.6,

p = .039, r = .35 (Greenhouse- Geisser corrected). Com-

paring the only cases for which an absolutely certain

decision was possible which were 8 equal symbols in the

second experiment (0% uncertainty) to cases of 8 equal

symbols in the first experiment (20% residual uncertainty)

we found a significant difference in decision confidence for

the control conditions but not for the stress conditions.

With respect to control conditions, subjects showed a sig-

nificantly higher decision confidence in exp. 2 (M = .95;

SD = .09) than in exp. 1 (M = .86; SD = .17), U = 93,

z = -2.253, p = .024(2-tailed), r = -0.38. Instead, with

respect to stress conditions, mean decision confidence in

Fig. 4 Experiment 1 (20% rest-uncertainty): Decision confidence and

uncertainty resulting from the different shape distributions (within

single trials each consisting of 8 consecutive shape presentations) and

for both the stress condition and the control condition. Asterisks mark

significant differences between conditions
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experiment 1 was .92 (SD = .12) and in experiment 2 it

was .93 (SD = .08) (non significant difference). This

indicates on the one hand the presence of ambiguity or

implicit-risk assessment under normal conditions which is

not the case when subjects are stressed by cognitive

excessive demands and on the other hand differential

effects of stress on decision confidence depending on the

reliability of information. Reaction times were longer in

the control condition of experiment 1 (M = 1,302.71 ms;

SD = 477 ms) than in the control condition of experiment

2 (M = 1,000.63 ms; SD = 404 ms), although this dif-

ference didn’t reach significance (z = -1.85, p = .064 (2-

tailed)). However, such a difference was not observed

when comparing the stress conditions (Mstress1 =

1,044.74 ms (SD = 379 ms), Mstress2 = 1,066.08 ms

(SD = 492 ms), z = -0.079, p = .95 (2-tailed)).

Skin Conductance

Analyses were conducted using a 2 (Stress/control) 9 2

(residual uncertainty) mixed-design Analysis of Variance

(ANOVA) on skin conductance data with residual uncer-

tainty being a between-subject and stress/control being

within-subject factors. It revealed a significant main effect

of stress on skin conductance which was higher in the

stress conditions (exp. 1: mean = 1.358 (SD = 1.39), exp.

2: mean = .809 (SD = .839) than in the control conditions

(exp.1: mean = .924 (SD = 1.122), exp2: mean = .374

(SD = .412), F (1, 30) = 6.25, p = .018, r = .42

(Greenhouse- Geisser corrected). Residual uncertainty was

only almost significant (F (1, 30) = 3.54, p = .07) while

the interaction effect of stress and residual uncertainty was

found highly insignificant (F (1, 30) = .006, p = .94).

Discussion

We found two effects of interest here. The first is the

observation of differential effects of stress on decision

confidence, depending on stimulus probability and residual

uncertainty, i.e. reliability of information. In particular,

experiment 1 revealed differences in decision confidence

between stress and no stress for conditions with high and

low residual uncertainty whereas experiment 2 revealed

such a difference only for a medium residual uncertainty

level, but not for high and low levels. This finding seems

difficult to interpret given that the only difference between

experiment 1 and experiment 2 was that experiment 2

contained one condition of 100% outcome certainty.

Unfortunately, at this stage it remains unclear what this

different patterns of stress-related effects on decision

confidence tell us. However, we do note that our results

demonstrate that differences in residual uncertainty lead to

varying degrees of stress effects on decision confidence

which is the only thing that we want to conclude from our

results so far. Future studies will provide deeper insight

into the specific pattern of our results.

The second effect we found is that implicit risk assess-

ment might be impaired when subjects are stressed. In our

case risk assessment refers to the awareness of manipulated

error probability due to varying numbers of appearing

shapes of one kind before a decision had to be made and

due to implemented residual uncertainty. It is difficult to

imagine that these slight differences were consciously

perceived. Thus, under control conditions (no stress) par-

ticipants seemed to have some sort of unconscious

awareness of this manipulation. In contrast, under stress

conditions participants did not even provide expected

responses in case of a 100% clear decision situation which

is why we interpret this finding as a lack of implicit risk

assessment under conditions of stress. Implicit is under-

stood as information being processed in the absence of

awareness but still influencing behaviour (see Walla et al.

1999 and Rugg et al. 1998).

Although the differences in reaction time between

conditions in the present study didn’t reach significance,

the observed trends are consistent with the frequent

observation of a negative relation between decision confi-

dence and reaction time (e.g. Johnson 1939). The

Fig. 5 Experiment 2 (0% rest uncertainty): Average Decision

confidence for all shape distributions (within single trials each

consisting of 8 consecutive shape presentations) and for both the

stress condition and the control condition. Asterisks mark significant

differences between conditions
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observation of impaired implicit risk assessment is con-

sistent with Schaeffer (1989) reporting that stress-related

effects on decision making include an increase in the use of

heuristics and also with Keinan (1987) who reports

screening of alternatives to happen in a more hazardous

fashion when subjects are stressed. The observed confi-

dence-related stress effects match previous results reported

in the literature only in part.

Like Schaeffer (1989) we observed an increase in

decision confidence in stressed subjects, but only in trials

associated with either high or low stimulus uncertainty and

just when the task included residual uncertainty (20%,

Exp.1). In addition, when outcome probabilities were

known stress even led to decreased confidence (Exp.2). The

stress-induced increase in confidence in the first Experi-

ment is consistent with Pham’s (2007) notion of polariza-

tion of evaluations due to misinterpreted incidental arousal

but again, only in part. Lerner and Keltner (2001) report

that fear tends to elicit risk-aversion whereas anger tends to

trigger risk-seeking even though both are high-arousal

negative emotions. The crucial point here is that although

we observed a stress-related increase in arousal in both

experiments, the same stress-manipulation in interaction

with the respective degrees of residual uncertainty might

have led to different emotional responses in participants

and therefore different confidence patterns. However, our

results fit the idea of ecological rationality. On the one

hand, when stressed one might tend to be more cautious.

On the other hand, in order to adapt to situations associated

with reduced processing capacity subjects might experi-

ence an increased need for certainty, as doubt and uncer-

tainty lead to further consideration and occupy resources.

In the present study which of the possible responses is

elicited seems to depend on an interaction of stress and

residual uncertainty.

Conclusion

We provided evidence for discontinued ambiguity-assess-

ment under stress. We showed that stress-exposure can lead

to very different effects on decision confidence if only the

underlying probabilities are altered, i.e. the degree and

reliability of information is modified. Overall, our results

aren’t supportive for the Hypothesis predicting stress

exposure to lead to increased decision confidence. The

effects seem more complex than previously thought. It

appears that we are the first to report a stress-related

decrease in decision confidence. Decreased confidence can

be understood as a tendency towards indecisiveness, which

might not only be problematic in everyday decision making

but is as well a common symptom in both depressive and

obsessive–compulsive patients (Sachdev 2005). Thus, our

take home message is that the effect of stress on decision

confidence is not linear and varies as a function of factors

such as level of uncertainty. Future research should

therefore further specify both conditions under which stress

increases confidence but as well conditions where stress

leads to decreases in confidence.

Acknowledgments We want to thank Nikolaus Scholik from

Hogrefe Austria for providing us with the physiological recording

device Nexus 10 produced by Mind Media (BV).

References

Adams, J. K., & Adams, P. A. (1961). Realism of confidence

judgments. Psychological Review, 68(1), 33–45.

Arnsten, A. F. (2009). Stress signaling pathways that impair

prefrontal cortex structure and function. Nature Review Neuro-
science, 10(6), 410–422.

Bacon, S. J. (1974). Arousal and range of cue utilization. Journal of
Experimental Psychology, 102, 81–87.

Baranski, J. V., & Petrusic, W. M. (1998). Probing the locus of

confidence judgments: Experiments on the time to determine

confidence. Journal of Experimental Psychology: Human Per-
ception and Performance, 24, 929–945.

Baranski, J. V., & Petrusic, W. M. (1999). Realism of confidence in

sensory discrimination. Perception & Psychophysics, 61(7),

1369–1383.

Cumming, S. R., & Harris, L. M. (2001). The impact of anxiety on the

accuracy of diagnostic decision-making. Stress & Health, 17,

281–286.

Darke, S. (1988). Anxiety and working memory capacity. Cognition
and Emotion, 2, 145–154.

Fessler, D. M. T., Pillsworth, E. G., & Flamson, T. J. (2004). Angry

men and disgusted women: An evolutionary approach to the

influence of emotions on risk taking. Organizational Behavior
and Human Decision Processes, 95, 107–123.

Festinger, L. (1943). Studies in decision: I. Decision time, relative

frequency of judgment and subjective confidence as related to

physical stimulus difference. Journal of Experimental Psychol-
ogy, 32, 291–306.

Fischhoff, B., Slovic, P., & Lichtenstein, S. (1977). Knowing with

certainty: The appropriateness of extreme confidence. Journal of
Experimental Psychology: Human Perception and Performance,
3(4), 552–564.

Garrett, H. E. (1922). A study of the relation of accuracy to speed.

Archives of Psychology, 56, 1–105.

Gatternig, J., & Kubinger, K. D. (1994). Erkennen von Meta-Regeln.
Test: Software und manual. Frankfurt/M: Swets.

Gorn, G. J., Pham, M. T., & Sin, L. J. (2001). When arousal influences

ad evaluation and valence does not (and vice versa). Journal of
Consumer Psychology, 11, 43–55.

Griffin, D. W., & Tversky, A. (1992). The weighing of evidence and

the determinants of confidence. Cognitive Psychology, 24,

411–435.

Harkin, B. L., & Mayes, G. M. (2008). Implicit awareness of

ambiguity: A role in the development of obsessive-compulsive

disorder. Behaviour Research and Therapy, 46(7), 861–869.

Hockey, R. (1973). Changes in information-selection patterns in

multisource monitoring as a function of induced arousal shifts.

Journal of Experimental Psychology, 101, 35–42.

Huettel, S. A., Song, A. W., & McCarthy, G. (2005). Decisions under

uncertainty: Probabilistic context influences activation of

Appl Psychophysiol Biofeedback

123



prefrontal and parietal cortices. Journal of Neuroscience, 5,

3304–3311.

Humphreys, M. S., & Revelle, W. (1984). Personality, motivation and

performance: A theory of the relationship between individual

differences and information processing. Psychological Review,
91, 153–184.

Johnson, D. M. (1939). Confidence and speed in two-category

judgment. Archives of Psychology, 241, 1–52.

Johnson, E. J., & Tversky, A. (1983). Affect, generalization, and the

perception of risk. Journal of Personality and Social Psychology,
45, 20–31.

Keinan, G. (1987). Decision making under stress: Scanning of

alternativesunder controllable and uncontrollable threats. Jour-
nal of Personality and Social Psychology, 52, 639–644.

Kepecs, A., Uchida, N., Zariwala, H. A., & Mainen, Z. F. (2008).

Neural correlates, computation and behavioural impact of

decision confidence. Nature, 455, 227–231.

Klein, G. (1996). The effect of acute stressors on decision making. In

J. E. Driskell & E. Salas (Eds.), Stress and human performance,
49–88.Mahwah. Erlbaum: NJ.

Leith, K. P., & Baumeister, R. F. (1996). Why do bad moods increase

self-defeating behavior? Emotion, risk taking, self regulation.

Journal of of Personality and Social Psychology, 71, 1250–1267.

Lerner, J. S., & Keltner, D. (2001). Fear, anger, and risk. Journal of
Personality and Social Psychology, 81, 146–159.

Mano, H. (1994). Risk-taking, framing effects, and affect. Organi-
zational Behavior and Human Decision Processes, 57, 216–245.

Moore, D. A., & Healy, P. J. (2008). The trouble with overconfidence.

Psychological Review, 115(2), 502–512.

Pham, M. T. (1996). Cue representation and selection effects of

arousal on persuasion. Journal of Consumer Research, 22,

373–387.

Pham, M. T. (2007). Emotion and rationality: A critical review and

interpretation of empirical evidence. Review of General Psy-
chology, 11(2), 155–178.

Rugg, M. D., Mark, R. E., Walla, P., Schloerscheidt, A. M., Birch, C.

S., & Allan, K. (1998). Dissociation of the neural correlates of

implicit and explicit memory. Nature, 392, 595–598.

Sachdev, P. S. (2005). Obsessive–compulsive behaviour: A disorder

of decision-making. Australian and New Zealand Journal of
Psychiatry, 39, 757–763.

Sanbonmatsu, D. M., & Kardes, F. R. (1988). The effects of

physiological arousal on information processing and persuasion.

The Journal of Consumer Research, 15(3), 379–385.

Schaeffer, M. H. (1989). Environmental stress and individual

decision-making: Implications for the patient. Patient Education
and Counseling, 13(3), 221–235.

Vickers, D., & Packer, J. (1982). Effects of alternating set for speed or

accuracy on response time, accuracy and confidence in a

unidimensional discrimination task. Acta Psychologica, 50,

179–197.

Walla, P., Endl, W., Lindinger, G., Deecke, L., & Lang, W. (1999).

Implicit memory within a word recognition task: an event-

related potential study in human subjects. Neuroscience Letters,
269(3), 129–132.

Williamson, G. F. (1915). Individual differences in belief, measured

and expressed by degrees of confidence. The Journal of
Philosophy, Psychology and Scientific Methods, 12(5), 127–137.

Appl Psychophysiol Biofeedback

123


	Stress, Uncertainty and Decision Confidence
	Abstract
	Introduction
	Materials and Methods
	Experiment 1
	Participants
	Procedure


	Results
	Experiment 2
	Participants
	Procedure


	Results
	Experiment 1 Versus Experiment 2
	Skin Conductance

	Discussion
	Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


