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Abstract
Are economic decisions affected by short-term stress, failure, or both? Such effects 
have not been clearly distinguished in previous experimental research, and have the 
potential to worsen economic outcomes, especially in disadvantaged socioeconomic 
groups. We validate a novel experimental protocol to examine the individual and 
combined influences of stress, failure, and success. The protocol employs a 2 × 3 
experimental design in two sessions and can be used online or in laboratory stud-
ies to analyse the impact of these factors on decision-making and behaviour. The 
stress protocol was perceived as significantly more stressful than a control task, and 
it induced a sizeable and significant rise in state anxiety. The provision of negative 
feedback (“failure”) significantly lowered participants’ assessment of their perfor-
mance, induced feelings of failure, and raised state anxiety.
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1  Introduction

Individuals making economic decisions often operate in stressful environments and 
with previous experiences of both success and failure on their minds. The experience 
of situational acute stress can create anxiety, divert attention, and impact the body 
and mind.1 Additionally, individuals who recall past poor decisions may experience 
reduced confidence and diminished willingness to take further actions. Prior failures 
and acute stress can have complex simultaneous effects on individuals’ decisions. 
Previous experimental studies have been unable to clearly distinguish between the 
influences of these factors. We conducted a behavioural online experiment to vali-
date a novel experiment protocol that separates the effects of short-term stress and 
failure, allowing researchers to assess their effects individually and in combination.

Acute stress can arise from the decision-making process itself and from external 
factors such as financial and relationship concerns, and high-pressure work environ-
ments. Stress is the body’s response to a short-term demand or pressure and mani-
fests as physiological changes such as a rapid heart rate and as psychological effects 
such as feelings of anxiety (Daviu et  al., 2019; Giannakakis et  al., 2017). Experi-
mental studies in behavioural economics and the social and biological sciences have 
shown that acute stress affects decision-making in settings from financial to health 
care (Bendahan et al., 2017; Cahlíková & Cingl, 2017; Delaney et al., 2014; Haush-
ofer et al., 2018; Rutters et al., 2009; Von Dawans et al., 2012). Several found that 
stress caused a shift in cognitive effort towards the stressor and away from other 
tasks (Allen & Armstrong, 2006; Cohen, 1980; Starcke et al., 2016), and that stress 
impaired working memory and cognitive flexibility (see Shields et al., 2016, for a 
review). Self-preservation instincts can also translate to a greater effort to preserve 
financial and other resources when stressed (Dickerson & Kemeny, 2004).

Failures are past experiences that we view as unsuccessful because we did not 
meet our own or others’ expectations. Feelings of failure may arise from past deci-
sions that did not yield favorable outcomes or from a broader perception of inad-
equacy, possibly due to unemployment, stalled career progress, or financial chal-
lenges. Experimental research has shown failure to affect how we make decisions 
(Buser, 2016; Buser & Dreber, 2016; Cassar & Klein, 2019; Gill & Prowse, 2014). 
Failures have been found to provoke negative emotions such as guilt and shame 
(Bohns & Flynn, 2013; Carver & Scheier, 1990), alter individuals’ sense of self-
worth (Crocker & Park, 2004; Crocker & Wolfe, 2001; Heatherton & Polivy, 1991), 
and drive them to abandon the task (Crocker & Wolfe, 2001), or attempt to compen-
sate for prior losses (Thaler & Johnson, 1990). A history of failure may generate a 
self-reinforcing cycle of “poor” choices and setbacks, contributing to the persistence 
of poverty (Stevens, 1999) and creating a barrier to socioeconomic mobility (Corak, 
2013). Prior experience of failure or success may influence whether a stressor is per-
ceived as a threat or as a challenge. Moreover, stress may impact the processing of 
feedback, potentially reducing the degree to which participants learn, particularly 

1   In the following, acute stress, short-term stress, and stress will be used interchangeably when describ-
ing stress or stressors.
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from negative feedback (Petzold et al., 2010; Porcelli & Delgado, 2017; Raio et al., 
2017).

Previous experimental research could not separate the effects of acute stress 
from the effects of failure because the protocols incorporated elements of both. The 
Trier Social Stress Test (Kirschbaum et al., 1993), commonly used to induce stress, 
asks participants to give a presentation and complete a mental arithmetic task and 
informs the participants that their performance will be evaluated, likely provoking 
fear of failure. Other stress protocols have asked participants to complete unsolv-
able riddles or extremely difficult cognitive tasks (Habhab et al., 2009; Rutters et al., 
2009) in which failure is used as the stressor. Similarly, experimental studies on fail-
ure have relied on competitive settings, which inherently entail elements of stress 
(Buckert et al., 2017) and thus are unable to clearly distinguish the effects of failure 
from those of stress.

Stress and failure are not intrinsically linked. Within educational and occupa-
tional environments, elevated workloads can elicit stress independently of any fail-
ure. Similarly, perceptions of failure, such as those stemming from insufficient stim-
ulation or negative performance feedback in academic or professional settings, do 
not invariably coincide with stress. Given that stress and failure can exert distinct 
influences on decision-making processes, a more effective protocol to discern their 
respective roles will help pinpoint affected groups and contexts, informing targeted 
policy interventions.

Our experiment employs a 2 × 3 two-session design to manipulate participants’ 
decision-making environment. In the first treatment, we manipulate whether par-
ticipants engage in a stress-inducing task during either the first or second session, 
thereby introducing exogenous variation in acute stress levels. The stress task simu-
lated common stressors faced by students, resembling assessment test questions for 
job or graduate school applications. During the 10-min task participants answered 
various cognitive questions, facing financial incentives with potential losses, cogni-
tive and time pressures, and distractions. In the second treatment, we manipulate 
whether participants received no performance feedback, feedback relative to a low 
threshold (success), or relative to a high threshold (failure) before the decision-mak-
ing tasks in the second session. This feedback is not intended to induce stress, but 
rather to introduce variation in perceived success or failure.

The two-session design is crucial for inducing failure/success separately from 
stress. All participants received feedback related to the stress task, ensuring consist-
ency. Those who completed the stress task in the first session received success or 
failure feedback in the second session, when no longer exposed to stress, enabling 
us to isolate the individual effects of failure and success. Conversely, participants 
completing the stress task in the second session received feedback while still experi-
encing stress. This design generates six different decision environments and allows 
between-subject and within-subject comparisons across the two sessions.

We find strong evidence that the protocol induced short-term psychological stress 
among the participants, who reported significantly greater levels of stress from the 
stress-inducing task than from the control task and reported statistically significant 
increases in their anxiety following the stress task. We also find strong evidence that 
negative feedback affected participants’ assessments of their performance, triggered 
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emotional responses, and induced stronger feelings of failure. The response to posi-
tive feedback, on the other hand, did not differ strongly from the response to no 
feedback.

Our study makes several contributions to the literature. First, we develop an 
experimental design that allows researchers to distinguish the individual effects of 
acute stress, failure, and success. We also establish a protocol for experiments that 
induces realistic cognitive stress in student populations and propose a novel feed-
back protocol that allows researchers to vary participants’ perceptions of success 
and failure and induce emotional responses. These protocols can be used in online 
and laboratory settings to investigate the impacts of stress and failure separately and 
in combination.

This paper is structured as follows. Section 2 describes the experimental design. 
Section 3 presents the results. Section 4 concludes.

2 �  Experimental design

2.1 �  Sample and recruitment

Our online experiment validated a protocol to test the effects of stress and feedback 
on decisions participants made in two sessions that were scheduled at least seven 
days apart.2 The first session lasted approximately 50 min and the second session 
lasted approximately 60 min. We conducted the experiment between 04 June and 
31 July, 2020, and recruited students at Pennsylvania State University after ethical 
approval of the study from the university’s Institutional Review Board. We pre-reg-
istered the experiment and hypotheses tested in the AEA RCT registry under the fol-
lowing trial ID: AEARCTR-0005946. Details can be found at http://​www.​socia​lscie​
ncere​gistry.​org/​trials/​5946. The experiment design was pre-tested in May 2020 with 
a small sample of students.

In the experiment, participants performed four different decision-making out-
come tasks. Difficulties associated with the COVID-19 pandemic restricted our abil-
ity to recruit participants in 2020, leading to a smaller sample size (final sample of 
269 students) than specified and reducing the power of the study to detect treatment 
effects on the decision-making outcome tasks. Future research will focus on the out-
comes of decisions under stress and failure/success after collecting data from addi-
tional participants. It is essential to note the heightened background stress during 
the pandemic period, thus the potential for additional increase in stress during the 
experiment may have been limited. Both the stress and control groups in our study 
operated within this elevated stress context. Consequently, the impact of our stressor 

2   This validation study was planned as a lab experiment but was adapted to an online setting due to 
the COVID-19 pandemic. Certain elements of the initial experimental plan could not be incorporated in 
the online setting. In particular, the measurement of participants’ heart rate to capture the physiological 
response to acute stress was not possible in the online experiment.
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may be considered a conservative estimate, representing a lower bound of its poten-
tial effect in scenarios characterized by lower background stress.

2.2 �  Procedure and randomization

As shown in Table 1, our 2 × 3 two-session experiment design produced six condi-
tions that varied in the timing of stress and experience of failure/success. The exper-
imental conditions were randomized at the participant level and introduced random 
variation in the decision environment of participants.

Treatment 1 varied the timing of the stress task. At the beginning of the first 
experiment session, half of the participants were assigned the stress-neutral control 
task (S2 in Table 1): answer demographics questions, read a short text and answer 
questions about it. The other half were assigned the stress task and completed an 
incentivized cognitive task (S1). In the second session about a week later, partici-
pants were assigned to the task they did not complete in the first session, so each 
participant completed one control session and one stress session.

To induce feelings of failure and success, Treatment 2 introduced feedback 
regarding participants’ performance in the stress task. The incentive structure for 
the stress task involved a potential deduction from participants’ payoff if they per-
formed below a predetermined threshold. Treatment 2 varied whether participants 
received feedback about their performance in the stress task relative to the threshold 
and the difficulty of the threshold. Feedback was presented in the second session. 
At that point, half the participants had completed the stress task that day, and the 
other half had completed the stress task approximately one week earlier during the 
first session. This temporal break between stress and feedback allowed us to analyse 
the impacts of stress and failure/success separately. The three feedback conditions 
were no feedback (S1-N, S2-N in Table 1), a success condition that provided feed-
back relative to a low threshold for success (S1-S, S2-S), and a failure condition that 
gave feedback relative to a high threshold for success (S1-F, S2-F). These distinct 
feedback conditions were instrumental in inducing feelings of failure and success, 
enabling us to isolate their effects. The experiment presented two experimental con-
ditions during the first session (stress and no-stress per Treatment 1), and six in the 
second session (stress and no-stress combined with the three types of feedback from 
Treatment 2). In the second stage of each session, participants completed the deci-
sion-making outcome tasks. At three points in each session (at the beginning, after 
completion of the task, and at the end), participants completed the six-item short-
form state anxiety inventory developed by Marteau and Bekker (1992).

They also completed brief questionnaires. First-session questions addressed 
their perceptions of the assigned task. Second-session questions again addressed 
their perceptions of the task assigned that day and collected information about their 
demographic characteristics, actual stress experiences, failures, and decision-mak-
ing processes.

The full timeline of the experimental sessions is displayed in Online Appendix A. 
The experimental instructions shown to participants can be found in Online Appen-
dix B.
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Participants received a fixed participation fee of $5 at the end of their second 
session. 50% of the participants received payment based on their performance 
in the stress task. The other 50% was paid based on one of the decision-mak-
ing outcome tasks. Minimum compensation was $5, maximum compensation 
was $45, and the mean for the study was $20.96. All payments were made via 
PayPal within 48 hours of completion of the second session. This arrangement 
minimized potential attrition effects between the first and second session, avoided 
influence from wealth and income effects, and provided no information about 
which task would be for payment until the end of the second session.

2.3 �  Stress protocol

The stress protocol was designed to mimic stressors commonly experienced by 
students and was framed as a “block of several tasks that are similar to test ques-
tions you may face in assessment tests when applying for jobs or for graduate 
school.”

To induce stress, we incorporated a financial incentive with potential losses of 
payoff, cognitive pressure, time pressure, and distractions in the stress task. All 
have been shown to induce stress in study participants. The stress task required 
them to complete up to 18 short cognitive tasks in 10 min, and they were penal-
ized for incorrect answers and leaving tasks undone. As a distraction, the program 
intermittently displayed brief incentivized knowledge and arithmetic questions on 
the screen during the ten-minute task block to induce additional stress.

The task was loosely based on the stress task used in Vitt et al. (2021), which 
was perceived by the study sample of low-income mothers as significantly more 
stressful than a control task and induced a significant increase in participants’ 
heart rate. We adapted this protocol to the different population of interest, uni-
versity students. Differently from other studies (e.g. the Trier Social Stress Test 
by Kirschbaum et al., 1993, or the cold pressor test used in Delaney et al., 2014), 
and similarly to Vitt et al. (2021), our aim is not to trigger strong physiological 
responses (such as the stress hormone cortisol), but to mimic stressors university 
students experience in real life.

Participants were initially allocated a maximum potential incentive of 5000 
tokens ($40). Participants’ performance in the cognitive tasks and pop-up ques-
tions determined how much of the initial endowment they “lost.” The incentives 
are framed as a loss to avoid inducing positive feelings from “winning.” Partici-
pants could lose up to 4050 tokens ($32.40) from the 18 cognitive tasks and 200 
tokens ($1.60) from the pop-up questions. In addition, 750 tokens ($6.00) would be 
deducted if their performance in the stress task was below an undisclosed thresh-
old. The level of this threshold was experimentally varied by Treatment 2 (described 
below) to induce failure or success. Participants were informed that they would be 
randomly assigned to a group of participants who all faced the same threshold.

A detailed description of the stress task and the incentive structure, as well as 
several sample screenshots can be found in Online Appendix C.
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2.4 �  Control tasks

In the control sessions, participants were given 4 min to complete a short demo-
graphics questionnaire. They then had 10 min to read a text about the possibility 
of life on Mars (518 words) and a text about the evolution of languages (629 
words) and to answer three simple questions about each text.

This task required participants to pay attention but was not meant to induce 
stress. The time required was equal to the time required of participants to review 
the instructions for the stress task plus the time allotted to complete it. No finan-
cial or time pressure was induced by the control task.

2.5 �  Feedback on failure or success

Treatment 2 assigned each participant in the second session to a feedback con-
dition. Following the stress or control task, the program informed participants 
assigned to the no-feedback control group (S1-N and S2-N) that there would be a 
60-second wait before proceeding. For participants assigned to the feedback treat-
ments (S1-S, S2-S, S1-F, or S2-F), the screen displayed failure/success feedback 
as a statement that noted only whether they had met the threshold to avoid the 
750-token penalty. It was displayed for 60 seconds. Screenshots are presented in 
Figures C.5 - C.7 of Online Appendix C.

The threshold in the success condition (S1-S, S2-S) was 1,250 tokens such that 
approximately 95% of participants were expected to succeed. The threshold in the 
failure condition (S1-F, S2-F) was 4300 tokens such that approximately 95% of 
participants were expected to fail. This random variation in perception of success 
and failure (conditional on participants’ performance) was independent from the 
timing of the stress task, allowing us to overcome any confounding factors like 
their ability, and to identify the influence of success/failure.

We assess our protocol’s effectiveness in manipulating feelings of failure by 
collecting participants’ self-reports of their perceived successfulness, perfor-
mance, and post-feedback emotions. We expected failure feedback to increase 
feelings of failure, decrease self-assessments of performance, and induce negative 
emotions. Details on these measures of failure / success are in Online Appendix 
D.2.

2.6 �  Empirical approach

To be able to identify the impacts of stress and failure individually and when com-
bined, participants completed the outcome tasks of interest at the end of the first 
and the second sessions. This design allows a between-subject and within-subject 
comparison across the two sessions. The fixed-effects model used for this analysis 
and the corresponding power calculations are presented in Online Appendices E.1 
and F. Furthermore, to deal with non-random attrition between sessions, we used a 
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Heckman model of selection (Heckman, 1979; Wooldridge, 2010), which is outlined 
in Online Appendix E.2.

3 �  Results

3.1 �  Descriptive statistics

The demographic characteristics of the sample in our validation study are provided 
in Table G.1 in Online Appendix G.1. The average age of participants was 23.5 
years with 66% of participants identifying as female and 32% as male. All partici-
pants were students; 72% were undergraduates and 28% were post-graduates. Our 
comparison of responses from participants assigned to the stress condition in the 
first session (S1) with those assigned to the stress condition in the second session 
(S2) shows a significant difference in average participant age. We report our demo-
graphic comparisons by feedback condition in Table G.2 in Online Appendix G.1.

Of the 317 participants who completed the first session, 269 (84.86%) returned 
and successfully completed the second session, 12 (3.79%) provided invalid or 
incomplete responses in the second session and were dropped, and 36 (11.36%) 
did not return for the second session. In Online Appendices G.2 and G.3 we further 
examine these attrition issues and show that our results are robust to accounting for 
non-random attrition.

3.2 �  Effectiveness of stress protocol

Our protocol was designed to induce acute stress, and we used psychological 
stress measures to analyse its effectiveness. As shown in Table 2, the stress task 
was rated as substantially more stressful than the control task on a Likert scale 
from 1 (not at all) to 5 (very much). The mean stressfulness score was 3.5 for the 
stress task and 2.1 for the control task. The sizeable difference of 1.4 is equivalent 
to 1.33 standard deviations and is highly statistically significant. We found only 
small and not statistically significant differences in perceived stress by feedback 
condition. The results in Table 3 show that the stress task was perceived, on aver-
age, as significantly less relaxing, less easy, more difficult, less enjoyable, less 
successful, and more tiring than the control task.

Figure  1 presents mean state anxiety scores in the stress and control condi-
tions for the three measurements taken in each session. A difference-in-difference 
comparison of state anxiety levels is provided in Table G.3 of Online Appendix 
G. We find baseline mean anxiety levels (T1) of 37.6 and 36.8 in the stress and 
control conditions respectively, which are not statistically different and are in line 
with values reported in Marteau and Bekker (1992). The second anxiety measure-
ment (T2) was conducted shortly after completion of the stress or control task. 
At that point, the mean anxiety level of the control participants was 36.7, nearly 
unchanged from the baseline level. The mean anxiety level of the stress-task 
participants rose from 37.6 to 46.7, a substantial increase of 9.1 (0.77 baseline 
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standard deviations). We find that the increase in anxiety among stress-task par-
ticipants and the difference in anxiety levels between the control and stress-task 
participants are both statistically significant. They are larger than ones reported 
for the Trier Social Stress Test for Groups (increase by approximately 7 points, 
Von Dawans et al., 2011), and for stress protocols based on unsolvable arithmetic 

Table 2   Perceived stressfulness of the stress/control task

Note: Means and mean differences were obtained using the sample of participants who responded to 
the task stressfulness question in both sessions. Participants with a performance level above the high or 
below the low threshold were excluded from the sample for simplicity. Standard errors were clustered at 
the participant level and are shown in parentheses. Significance levels are indicated as follows: *p < 0.05, 
**p < 0.01, ***p < 0.001

(1) (2) (3) Differences:

No feedback Success Failure (2) − (1) (3) − (1)

Stress 3.483 3.583 3.763 0.100 0.280
(0.082) (0.178) (0.169) (0.196) (0.187)

Control 2.181 1.902 2.186  − 0.278 0.005
(0.082) (0.151) (0.153) (0.171) (0.173)

Difference: 1.302*** 1.681*** 1.577*** 0.379 0.275
Stress − Control (0.113) (0.234) (0.228) (0.272) (0.257)
Observations 342 77 81
Participants 250 77 81

Table 3   Perceptions of the stress/control task

Note: Perceptions of the stress / control task were scored from 1 for ‘not at all’ to 5 for  ‘very much’. 
Means and mean differences were obtained using the sample of participants who responded to the task 
perception question in both sessions. Participants with a performance level above the high or below 
the low threshold were excluded from the sample for simplicity. Standard errors were clustered at the 
participant level and are shown in parentheses. Significance levels are indicated as follows: *p < 0.05, 
**p < 0.01, ***p < 0.001

Stress Control Difference Observations Participants

Stressful 3.540 2.136 1.404*** 500 250
(0.069) (0.066) (0.089)

Relaxing 2.235 3.195  − 0.960*** 502 251
(0.067) (0.064) (0.082)

Easy 2.779 4.237  − 1.458*** 498 249
(0.070) (0.055) (0.081)

Difficult 3.248 1.776 1.472*** 500 250
(0.070) (0.052) (0.085)

Enjoyable 2.520 3.064  − 0.544*** 500 250
(0.070) (0.066) (0.083)

Successful 2.867 3.791  − 0.924*** 498 249
(0.061) (0.064) (0.080)

Tiring 2.908 2.156 0.752*** 500 250
(0.074) (0.068) (0.084)
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tasks (increase by approximately 3 points, Rutters et al., 2009). By the end of the 
session (T3) the gap in anxiety levels between the stress and control conditions 
closed somewhat, indicating that the acute stress dissipated slightly when partici-
pants’ attention was shifted from the task.

Overall, we find strong evidence that the stress protocol was effective in induc-
ing mild short-term psychological stress. To contextualize the effect sizes observed 
in our study, Tables H.1 and H.2 in Appendix H compare the impact of the stress 
protocol in our study on perceived stress and state anxiety with findings for other 
experimental stressors from previous laboratory investigations and randomized con-
trolled trials. Our study reveals that our stress protocol induces a notable increase 
in perceived stress, equivalent to 1.35 control group standard deviations. In con-
trast, previous studies utilizing the Trier Social Stress Test report comparatively 
lower effects on perceived stress, ranging from no effect to 0.3 standard deviations. 
Studies employing economic games or presenting riddles as stressors demonstrate 
effects on perceived stress within the range of 0.33 to 4.6 control standard devia-
tions. Furthermore, we observe a significant elevation in state anxiety, as measured 
by the short-form State-Trait Anxiety Inventory (STAI), with a difference of 10.07 
points between the stress and control group following the task. This increase sur-
passes those typically reported in other studies, which generally range from 2.6 to 
4.7 points difference from the control group, with one exception being a study on 
anticipatory stress that found a 12.15 point difference from the control group.
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Fig. 1   State anxiety response to the stress/control task. Note: Means were calculated for the state anxi-
ety scores at the three measurement points. Bands indicate ± 1 standard error. Participants with a perfor-
mance level above the high or below the low threshold were excluded here for simplicity

Downloaded from https://www.cambridge.org/core. 09 Jan 2025 at 03:19:02, subject to the Cambridge Core terms of use.

https://www.cambridge.org/core


496	 M. Vecchi, N. Vitt 

Previous research suggests the presence of gender differences in the response to 
stress (e.g., Taylor et al., 2000). Thus, we explore in Tables G.16, G.17, G.18 and 
Figure G.6 of Online Appendix G.4 whether the effectiveness of the stress proto-
col differs between male and female participants. We find the psychological stress 
response to the stress task to not differ significantly between men and women.

While the present study did not measure physiological stress due to the online 
setting in which the experiment was conducted, a lab experiment conducted by the 
authors in 2023 (manuscript in preparation) provides evidence on the physiological 
stress response to the protocol. As part of the experiment, we measured participants’ 
heart rate and observed a significantly increased heart rate during the stress task 
(compared to the control task). Thus, the stress protocol induces both psychological 
and physiological stress.

3.3 �  Effectiveness of feedback

By randomizing the feedback and threshold for success we aim to induce feelings 
of failure or success among participants. We analyse whether the feedback provided 
novel information to participants about their performance and whether it modified 
perceived success in the stress task.

For the feedback to provide novel information, the protocol must prevent partici-
pants from keeping track of their performance. We find that participants’ two self-
assessment ratings are only weakly correlated with actual performance: a correlation 
coefficient of 0.068 for the Likert- scale measure and − 0.120 for expectations about 
losing tokens. Figures G.1 and G.2 in Online Appendix G show the distribution of 
participants’ performance prior to deductions. Given the mean performance score 
of 2386 tokens, participants lost, on average, 61.5% of the 4250 tokens associated 
directly with performance. With a standard deviation of 621 tokens (14.6%), the dis-
tribution is sufficiently narrow for feedback to provide meaningful information to 
participants. Nearly all of the participants (97.8%) performed at levels between the 
low and high thresholds. Table G.4 in Online Appendix G summarizes participants’ 
self-assessments of likely exceeding the success threshold. In the no-feedback con-
dition, 66% (70%) of those who exceeded (did not exceed) their assigned thresholds 
expected to exceed the threshold. There is no significant difference, indicating that 
success was difficult to predict without feedback.

Table 4 compares perceived success in the stress and control tasks by feedback 
condition rated on a Likert scale of 1 (not at all successful) to 5 (very much). Par-
ticipants in the stress condition who received failure feedback reported the lowest 
success scores: a mean of 2.4 relative to 2.9 for reports by participants who received 
no feedback, a statistically significant difference (0.56 standard deviations). Though 
the feedback did not relate to the control task, S1 participants who received failure 
feedback rated their success lower than S1 participants who received no feedback. 
The difference of 0.3 is smaller and is not statistically significant. Success feedback 
instead did not lead to significantly greater self-perceptions of success.

At the end of the second session, participants were asked to judge their perfor-
mance in the stress task using a Likert scale of 0 (very bad) to 4 (very good). Table 5 
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presents a comparison of their responses by feedback condition. S2 participants who 
received failure feedback rated their performance significantly lower than S2 partici-
pants who received no feedback (difference of 0.6) and positive feedback (difference 
of 0.8 points/0.76 SDs). S1 participants rated their performance significantly higher 
than the S2 participants, suggesting that participants’ self-assessments improve with 
time. S1 participants who received failure feedback rated their performance lower 
on average than S1 participants who received no feedback (difference of 0.3) and 
positive feedback (difference of 0.5 points/0.45 SDs), and only the latter difference 
was statistically significant. We also once again find that responses following posi-
tive feedback were not significantly different from responses following no feedback.

Table 4   Perceived successfulness of the stress/control task

Note: Means and mean differences were obtained using the sample of participants who responded to the 
task successfulness question in both sessions. Participants with a performance level above the high or 
below the low threshold were excluded from the sample for simplicity. Standard errors were clustered at 
the participant level and are shown in parentheses. Significance levels are indicated as follows: *p < 0.05, 
**p < 0.01, ***p < 0.001

(1) (2) (3) Differences:

No feedback Success Failure (2) − (1) (3) − (1)

Stress 2.932 3.028 2.405 0.096  − 0.526**
(0.071) (0.145) (0.161) (0.161) (0.175)

Control 3.830 3.927 3.512 0.097  − 0.319
(0.079) (0.145) (0.149) (0.164) (0.168)

Difference:  − 0.898***  − 0.899***   − 1.106*** − 0.001  − 0.208
Stress − Control (0.096) (0.205) (0.219) (0.231) (0.241)
Observations 341 77 80
Participants 249 77 80

Table 5   Perceived performance in the stress task

Note: Performance perceptions were scored from 0 for ‘very bad’ to 4 for ‘very good’. Participants with 
a performance level above the high or below the low threshold were excluded from the sample for sim-
plicity. Standard errors are shown in parentheses. Significance levels are indicated as follows: *p < 0.05, 
**p < 0.01, ***p < 0.001

(1) (2) (3) Differences:

No feedback Success Failure (2) − (1) (3) − (1) (3) − (2)

S2: Stress in Session 2 1.979 2.132 1.366 0.153  − 0.613**  − 0.766***
(0.157) (0.161) (0.120) (0.224) (0.197) (0.200)

S1: Stress in Session 1 2.574 2.767 2.295 0.193  − 0.279  − 0.472*
(0.145) (0.166) (0.161) (0.220) (0.217) (0.231)

Difference:  − 0.596**  − 0.636**  − 0.930***  −  0.040  − 0.334  − 0.294
Session 2 − Session 1 (0.213) (0.231) (0.201) (0.314) (0.293) (0.306)
N 94 81 85
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Table G.5 in Online Appendix G compares participant responses regarding their 
expected token losses by feedback condition. Among S2 participants, those who 
received failure feedback rated their expected loss of tokens significantly higher than 
those who received success feedback.

Finally, as shown in Table 6, we find that participants who received failure feed-
back felt significantly less pleased, calm, confident, encouraged, and successful and 
felt more angry, anxious, disappointed, sad, and embarrassed than participants who 
received success feedback. We further observed a significant increase from base-
line in the state anxiety of participants who received failure feedback (see Fig. 2). 
The participants in the control condition who received failure feedback had a greater 
average increase in state anxiety than participants in the stress condition who 
received success feedback or no feedback. These results confirm the ability of our 
feedback protocol to induce negative emotions and that success feedback does not 
mitigate increases in anxiety triggered by stress.

Table 6   Recalled emotions after 
receiving feedback

Note: Emotions after receiving the feedback were scored from 1 for 
‘not at all’ to 5 for  ‘very much’. Participants with a performance 
level above the high or below the low threshold were excluded from 
the sample for simplicity. Standard errors are shown in parentheses. 
Significance levels are indicated as follows: *p < 0.05, **p < 0.01, 
***p < 0.001

(1) (2) Difference: 
Failure − Suc-
cess

Success Failure

Pleased 3.580 1.894  − 1.686***
(0.114) (0.096) (0.149)

Angry 1.753 3.106 1.353***
(0.105) (0.125) (0.163)

Calm 3.321 2.447  − 0.874***
(0.115) (0.110) (0.159)

Anxious 2.395 2.906 0.511**
(0.143) (0.121) (0.188)

Confident 3.185 2.000  − 1.185***
(0.118) (0.093) (0.150)

Disappointed 2.123 3.929 1.806***
(0.125) (0.106) (0.163)

Encouraged 3.284 1.929  − 1.355***
(0.122) (0.091) (0.152)

Sad 1.630 2.918 1.288***
(0.102) (0.122) (0.159)

Embarrassed 1.704 3.047 1.343***
(0.113) (0.133) (0.174)

Successful 3.457 1.812  − 1.645***
(0.105) (0.088) (0.137)

N 81 85
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Overall, these findings provide strong evidence that the provision of feedback 
affected participants’ assessment of their performance, their perceptions of fail-
ure/success, and their emotions. Failure feedback, in particular, induced a strong 
response, while the response to success feedback did not differ substantially from 
receiving no feedback. Previous experimental evidence highlights gender-specific 
responses to successes and failures (Buser, 2016). However, in Tables G.19, G.20, 
G.21 and Figure G.7 of Online Appendix G.4 we find no substantial differences in 
the response to the feedback between male and female participants.

4 �  Conclusion

In this study, we develop an experimental protocol to identify the individual and 
combined effects of acute stress and failure on decision-making. The protocol uses 
a two-session design to vary participants’ exposure to stress, failure, and success. 
Exogenous variation in acute stress levels is introduced by assigning an incentivized 
cognitive task designed to induce mild stress. Half of the participants complete the 
stress task in the first session and half complete it in the second session. Those in a 
session not assigned to the stress task complete a stress-neutral control task during 
the same time period.

The experiment introduces variation in participants’ perceptions of success or 
failure via a feedback protocol in the second session. The incentive for the stress 
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Fig. 2   State anxiety response to the stress/control task and the feedback. Note: Means were calculated for 
the state anxiety scores at the three measurement points. Participants with a performance level above the 
high or below the low threshold were excluded from the sample for simplicity
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task deducts a portion of the performance payoff for participants whose perfor-
mance falls below an undisclosed threshold. The threshold level and the provi-
sion of feedback are randomly assigned. Participants receive either no feedback, 
feedback with a low threshold level (success condition), or feedback with a high 
threshold level (failure condition).

We validate the protocol using an online experiment with a sample of 269 uni-
versity students and find that participants perceived the incentivized stress task 
as significantly more stressful than the control task. State anxiety also increased 
substantially and significantly after completing the stress task. These results pro-
vide strong evidence that our stress protocol induced short-term psychological 
stress.

Participants who received failure feedback reported significantly lower self-
assessments of their performance and success in the cognitive stress task, signifi-
cantly greater anxiety, and strong emotional responses. Responses from partici-
pants who received success feedback did not differ substantially from responses 
of participants who received no feedback. Thus, we find strong evidence that our 
provision of negative feedback negatively affected participants’ perceptions of 
themselves and evoked negative emotions.

Due to its online setting our validation experiment was unable to study the 
physiological stress response. The most common measure of physiological stress, 
the hormone cortisol, is likely not suitable in our context. Previous research has 
shown that not all psychological stressors produce a cortisol response (Dickerson 
& Kemeny, 2004), and any cortisol response to our stress protocol would likely 
be small and difficult to detect, as the protocol aims to induce mild levels of stress 
similar to those frequently faced in everyday life. Previous research suggests that 
participants’ heart rate may be more suited as a physiological measure of mild 
stress (Vitt et  al., 2021). In a lab experiment conducted in 2023 (manuscript in 
preparation) we use the stress protocol presented here, and observe a significant 
increase in heart rate during the stress task compared to the control task.

The ability of our protocol to induce short-term stress and feelings of failure 
among participants in online and laboratory experiments will allow future studies 
of the impacts of those two dimensions on decision-making. Our findings indicate 
that receiving success feedback does not alter individuals’ assessments of their 
performance or how successful they feel. Therefore, it would be more efficient to 
concentrate future studies solely on a comparison between failure feedback and 
no feedback.

Stress and failure likely affect decision-making differentially in a variety of 
settings. At school and at work, stress could improve individuals’ focus on a 
task, increase their cognitive load, and decrease their attention on other tasks. 
Such stress could be addressed by adapting the workloads and providing coping 
strategies. Failure, on the other hand, likely affects self-worth and self-esteem, 
decreases confidence, and induces compensatory behaviours. Redesigning goal 
settings and feedback structures could improve individuals’ reactions to a poor 
performance. Future studies could use the protocol in this study to examine the 
relative importance of stress and failure for various types of decisions, thereby 
uncovering effective interventions.
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