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ABSTRACT
there is some evidence that performance-related pay (PRP) leads to higher levels of stress as it 
incentivizes employees to work harder for longer. however, PRP in the workplace also typically 
involves performance monitoring, which may introduce an additional source of stress via 
social-evaluative threat (set). the current study examined the effect of PRP on stress while varying 
the level of performance monitoring/set. Using an incentivized mixed design experiment, 206 
participants completed a simulated work task after being randomly allocated to either a PRP 
contract (£0.20 per correct response, n = 110) or minimum-performance fixed payment contract (£5 
for ≥10 correct responses; £0 for <10, n = 96) condition. all participants completed the task during 
a high set (explicit performance monitoring) and low set (no monitoring) condition. subjective and 
objective stress were measured through self-report and salivary cortisol. high set led to higher 
levels of self-reported stress but not cortisol, whereas there was no effect of the payment condition 
on either self-reported stress or cortisol. a statistically significant interaction revealed that high 
set-fixed payment participants were significantly more stressed than those in the high set-PRP 
group. estimating the regressions separately for high- and low-performing individuals found that 
the effect was driven by low-performing individuals. these results suggest that fixed payment 
contracts that have a minimum performance threshold and which include performance monitoring 
and set can be more stressful than traditional piece-rate PRP contracts. the current study suggests 
that incorporating performance monitoring and set into payment contracts may affect the 
well-being of employees.

1.  Introduction

Performance-related pay (PRP) is a payment structure where 
employees’ pay is based fully or partially on their perfor-
mance, as opposed to a payment that is fixed regardless of 
work performance. as employees paid by PRP are highly 
motivated to produce more to increase their earnings, PRP is 
typically linked with advantages such as higher productivity 
(lazear, 2000). however, there is a growing body of literature 
also linking PRP with poor health outcomes, including poorer 
mental health (Dahl and Pierce, 2020), more cardiovascular 
and digestive issues (Bender & theodossiou, 2014), higher 
systolic blood pressure and higher levels of fibrinogen 
(andelic et  al., 2023). although there may be multiple path-
ways through which PRP can lead to poor health, one poten-
tial mechanism is through working at a higher rate or working 
long hours which leads to higher levels of physiological stress.

Physiological changes in response to stressors at work are 
important as they can have long-term effects. indeed, per-
sistent stress is associated with higher inflammation in the 

body (aschbacher et  al., 2013; Rohleder, 2014) and can lead 
to the progression of illnesses (Mcewen, 1998). analysis of a 
large-scale survey found higher systolic blood pressure and 
higher levels of fibrinogen among PRP employees (andelic 
et  al., 2023), both of which are associated with chronic stress, 
and there is some experimental evidence suggesting that PRP 
can lead to higher levels of stress; allan et  al. (2021) mea-
sured salivary cortisol, a marker of stress, in participants after 
they had completed a simulated work (calculation) task under 
both a PRP and a fixed payment condition. in the PRP condi-
tion, participants received £0.20 per correct calculation, 
whereas they earned a fixed payment of £5 if they completed 
a minimum of 10 correct calculations in the fixed payment 
condition. the study found that participants had higher levels 
of cortisol directly after the PRP condition than after the fixed 
payment condition, suggesting that employees who are 
incentivized through PRP may experience higher levels of 
acute physiological stress.

however, allan et  al. (2021) automatically tracked the cor-
rect answers on which payment was based. in contrast, the 
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performance of PRP employees in the workplace is routinely 
monitored by supervisors and peers. in any job involving 
monitoring, there is potential for a social-evaluative threat 
(set). set occurs when there is a perceived threat to your 
identity through social evaluation, such as being negatively 
judged by others due to a trait or inability to perform a task, 
which in turn increases cortisol reactivity. this response is 
particularly heightened when there is an element of moti-
vated performance (see meta-analysis on set and acute phys-
iological stress by Dickerson & Kemeny, 2004), i.e. when there 
is a task with a clear goal or incentive. importantly, for PRP 
employees, performance in the workplace may lead to stress 
both through set and via the direct impact it has on work 
hours and income.

the current study used a similar design to allan et  al. 
(2021) to examine the effect of PRP on acute physiological 
stress, but with the addition of a high set condition where 
explicit performance monitoring was incorporated. in line 
with allan et  al. (2021) and the wider literature on PRP and 
stress, we hypothesized that PRP participants would show 
higher levels of subjective stress and cortisol. in line with 
Dickerson and Kemeny (2004), we also hypothesized that 
subjective stress and cortisol responses would be higher in 
the high set condition than the low set condition.  
Finally, we hypothesized that there would be an interac-
tion effect and that the cortisol response would be higher 
in a condition with both high set and high levels of moti-
vated performance, such as PRP. consequently, we expected 
both subjective and physiological stress to be higher in a 
combined high set-PRP condition in comparison to low 
set-PRP, high set-fixed payment, or low set-fixed  
payment.

2.  Materials and methods

2.1.  Design

the study consisted of two financially incentivized sessions 
where participants completed a simulated work task (math-
ematical calculations) in a computer lab. sessions were con-
ducted one week apart to measure the impact of payment 
contracts and set on both self-reported and physiological 
stress (cortisol). the experiment was a 2  ×  2 mixed factorial 
design with a between-subjects factor (payment contract) 
and a within-subjects factor (set). Payment contracts had 
two levels: PRP or fixed. all participants were randomly 
assigned to conditions. the PRP contract paid £0.20 per cor-
rect answer; the fixed payment contract was a minimum 
performance contract with £5 paid where 10 or more cor-
rect answers were given and £0 where this was not achieved. 
the set condition had two levels: high set or low set. the 
order was counterbalanced. high set involved the active 
monitoring of the participant’s performance on a public lea-
derboard showing their relative performance and with a 
supervisor monitoring performance in the room. a leader-
board was chosen as a league table by performance, which 
is often used in workplace settings such as sales or call cen-
ter settings (Bain & taylor, 2000). the low set condition had 
no leaderboard and no visible monitoring of performance in 

the room, but payment was still tracked, as in allan et  al. 
(2021). ethical approval was granted by the University of 
aberdeen, school of Medicine, Medical sciences and 
Nutrition (ceRB/2021/3/2058).

2.2.  Participants

the participants consisted of students at the University of 
aberdeen. sample size calculations were carried out in 
Gpower 3.1 (Faul et  al., 2007). Previous research (allan et  al., 
2021) found small-to-moderate effects of PRP on cortisol 
(d = 0.28) and moderate effects of PRP on self-reported stress 
(d = 0.44). Research comparing low and high set found 
moderate-to-large effects (ր2 = 0.10, Bosch et al., 2009). the 
current study estimated a minimum sample size of 88 partic-
ipants per independent group (a total of 176) was needed 
using a moderate effect size, 80% power and α of 0.05%.

two-hundred and fifteen participants took part. Out of 
these, nine participants had salivary cortisol levels that were 
more than 4 sDs from the mean. these were excluded as rec-
ommended by Nicolson (2008), leaving 206 participants. an 
additional six participants did not complete all survey items. 
to maximize the sample size, they were retained for the t-test 
analyses where possible, but not for the multiple linear 
regressions, which required survey responses to be included 
as control variables.

2.3.  Materials

2.3.1.  Work task
the simulated “work task” was an incentivized math calcula-
tion task on the computer. Participants were asked to com-
plete as many math calculations as possible in 10 min. time 
left to complete the task was visible at the top right corner 
of the screen. Participants could complete up to a maximum 
of 50 possible calculations consisting of 10 addition, 30 mul-
tiplication, and 10 division questions presented in the same 
order for all participants. the exact values used for these cal-
culations were randomly generated for each individual but 
within restricted parameters (addition and multiplication solu-
tions had to be within 0–10 000, division solutions had to be 
within 0–100) to maintain a similar level of difficulty despite 
the randomization. Participants could not skip questions but 
they were not penalized for incorrect answers. they were 
given instant feedback after each calculation and the total 
number of correct responses was displayed at the top of the 
screen during the full task in such a way that only the partic-
ipant could see or, in the case of the set condition, that a 
monitoring supervisor stood immediately behind them 
could see.

2.3.2.  Questionnaires
Participants completed two surveys during each session. the 
first survey was carried out before the work task and con-
sisted of the GhQ-12 (general health questionnaire-12; 
Goldberg & Williams, 1988) as a measure of general stress 
and a single-item measure asking them to rate their arithme-
tic skill from 1 (“very good”) to 5 (“very poor”).
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the second survey took place after the completion of the 
work task and included six single-item measures designed 
to assess different aspects of task-related stress and percep-
tions of evaluation. the first four items were used by allan 
et  al. (2021): “after the task, how stressed do you feel?” 
“after the task, how exhausted do you feel?” “how much 
effort did you exert solving the mathematical problems in 
the previous 10 min?” and “Did you feel under strain when 
solving the mathematical problems in the previous 10 min?” 
an additional two items were included to gain insight into 
self-reported set: “after the task, do you feel at risk of being 
negatively evaluated by others?” and “Do you feel that oth-
ers will believe that your performance reflects your ability?” 
all six items were rated from 1 (“None at all”/“Not at all”) to 
4 (“Much more”/“Great”). a fifth option allowed participants 
to choose “care not to answer” to mimic the structure of 
the GhQ-12.

Participants also rated their arithmetic ability again and 
self-reported their sex at birth, age, year, and subject of study, 
as well as whether they had taken part in a similar experi-
ment previously. they were then presented with a checklist 
of activities and medications that could affect cortisol levels 
(e.g. smoking, eating within the last hour, etc.). and asked to 
indicate all items that applied to them.

2.3.3.  Cortisol
cortisol was measured from salivary samples collected 
using cortisol salivettes® (sarstedt, Nümbrecht, Germany) 
four times throughout the experiment (details below). to 
control for the diurnal patterns of cortisol, all experiments 
took place at 2 p.m. Participants were asked to avoid eat-
ing, drinking coffee, smoking nicotine, sleeping, brushing 
their teeth, or doing vigorous exercise in the two hours 
immediately before the experiment. all samples were fro-
zen at −23 °c until all data collection was complete. all 
samples were analyzed by trier Biochemischen labor in 
duplicate using the DelFia assay (a time-resolved fluores-
cent immunoassay). the intra-assay coefficient of variation 
was 5.08%.

2.4.  Procedure

Data collection took place from October 2021 to March 2022 
in the scottish experimental economics laboratory at the 
University of aberdeen. at the time, cOViD-19 restrictions 
were in place for in-person experiments. consequently, we 
implemented a staggered arrival for participants, a one-way 
system and social distancing in the lab during all sessions. all 
participants completed a health and temperature check upon 
arrival and were asked to wear a mask whenever entering/
exiting the lab. staff running the experiments wore full per-
sonal protective equipment (PPe). Up to twelve participants 
could take part in the lab at the same time with social 
distancing.

Upon arrival at 2 p.m., participants were randomly assigned 
to a seat in the lab. after they were seated, they were given 
further information about the session. to allow for the 10-min 
it takes for cortisol levels to be reflected in the saliva 
(Nicolson, 2008), participants relaxed for 10-minutes during 
which time they could use coloring-in sheets if they wanted 
to (see Figure 1) before providing the baseline cortisol sam-
ple. this was followed by the completion of the first survey. 
after this, they were provided with three practice math calcu-
lations and unlimited time to complete them.

Participants were then randomly allocated into a payment 
contract and set-condition and asked to complete the simu-
lated work task.

after the work task, participants were told the total 
amount earned from the work task, and they then provided 
another saliva sample and completed the second survey. 
after the second survey, participants completed two more 
10-min relaxation phases, each followed by a third and fourth 
cortisol sample. the following week, they returned to do the 
same protocol again, but this time they were allocated to the 
other set condition.

2.5.  Statistical analysis

Baseline cortisol levels vary from person to person and may 
even fluctuate between days (Nicolson, 2008). consequently, 

Figure 1. experimental procedure. A timeline presenting a 10-min block of relaxation, followed by a block of practice (with no time specified), a 10-min block of 
work task and two more 10-min blocks of relaxation. Arrows indicate cortisol collection points after each timed block and survey completion after the first relax-
ation phase and after the work task.
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we were interested in the change between pre-task and 
post-task cortisol rather than overall cortisol output during 
that period. three cortisol variables measuring the change in 
cortisol were calculated: (1) area under the curve with respect 
to increase (aUci); (2) the difference between baseline and 
peak levels of cortisol post-task (peak change); and (3) the 
difference between the baseline and final cortisol sample 
(overall change). For all computed cortisol variables, a higher 
score indicates higher stress reactivity. For completeness, we 
also report the overall measure of cortisol output, area under 
the curve with respect to ground (aUcg), although we did 
not expect any group differences. the GhQ score was com-
puted using the likert scoring method (0–3).

independent and paired samples t-tests were used to 
compare scores on each self-reported stress item and cortisol 
level between payment contracts and set conditions, respec-
tively. to test the hypothesis that PRP-set would lead to 
higher physiological and self-reported stress, group differ-
ences in both physiological and self-reported stress between 
set and payment conditions were tested using mixed-effects 
linear regressions (random intercept) while controlling for 
sample characteristics (sex at birth, age group, higher educa-
tion level, prior participation in other experiments, and order 
of set) and potential cortisol confounders (any medications 
or activities disclosed in the confounder checklist were coded 
as 0 = no confounders; 1 = one or more confounders). Finally, 
an interaction effect between set and PRP was examined by 
estimating a mixed effects linear regression (random inter-
cept) with all the previously listed controls and predicting 
stress (either self-reported or cortisol) from the experimental 
condition. all analyses were carried out in R using the base 
package. For all tests, α was set at 0.05, and effect sizes were 
examined with 95% confidence intervals.

3.  Results

3.1.  Descriptive statistics

Out of the 206 participants, 110 were randomly allocated to 
the PRP group, and 96 were allocated to the fixed payment 
group. sample characteristics are presented in table 1. 
approximately half—53% of the PRP contract participants 
and 52% of the fixed contract participants—took part in the 

high set condition first. Fifteen participants did not return for 
their second session, and six participants did not complete all 
the self-reported item ratings. to maximize the sample size, 
they have been included in analyses where possible.

3.2.  Self-reported outcome measures

compared with those in the low set condition, participants 
in the high set condition reported significantly higher levels 
of self-reported stress (t(189) = 4.58, p < .001, d = 0.40), feel-
ing more at risk of being negatively evaluated by others 
(t(188) = 3.50, p = .001, d = 0.26), more exhaustion (t(187) = 
3.02, p = .003, d = 0.22), greater effort (t(189) = 2.51, p = .013, 
d = 0.18) and higher strain (t(189) = 3.13, p = .002, d = 0.23) 
(see table 2). there was no significant difference between 
groups in beliefs that others would believe that their perfor-
mance reflected their ability (t(188) = 1.68, p = .094, d = 0.11) 
or self-rated arithmetic skill after the task (t(189) = 1.54, 
p = .126, d = 0.13).

there were few differences between the PRP and fixed 
payment groups. compared with the fixed payment contract 
group, the PRP group were not significantly more stressed 
(t(394) = 0.50, p = .617, d = 0.05), exhausted (t(392) = 1.00, p 
= .320, d = 0.10), or strained (t(394) = 1.11, p = .269, d = 0.11), 
and did not feel more at risk of being negatively evaluated 
(t(393) = 0.28, p = .783, d = 0.03), feel that others would 
believe their performance reflected their ability (t(393) = 1.01, 
p = .314, d = .10) or perceive their arithmetic skill as poorer 
(t(394) = −0.54, p = .590, d = −0.05), although they did rate 
themselves as putting in more effort (t(394) = 2.58, p = .010, 
d = 0.26).

in the mixed effects model examining PRP and set 
together, there was again no significant difference in 
self-reported stress between the PRP and fixed payment 
groups. however, participating in the high set condition was 
a significant predictor of higher stress (β = 0.41, p < .001) even 

Table 1. Sample characteristics in first session.

PrP Fixed payment

n = 110 n = 96
Female 70 (63.64%) 63 (65.63%)
24+ years 35 (31.82%) 24 (25.00%)
Undergrad 89 (80.91%) 81 (84.38%)
edu—arts 33 (30.00%) 32 (33.33%)
edu—business school 31 (28.18%) 26 (27.08%)
edu—life sciences 24 (21.81%) 23 (23.96%)
edu—physical sciences 21 (19.09%) 14 (14.58%)
GHQ-12 score M = 1.12 M = 1.15
Arithmetic skill pre-task 

score
M = 2.47 M = 2.57

GHQ-12 = General Health Questionnaire (Goldberg & Williams, 1988). GHQ-12 
scores range from 0-3 with scores above 2 generally considered to be indic-
ative of poor mental health (Goldberg et  al., 1997). Arithmetic skill scored 
from 1 (“very good”) to 5 (“very poor”).

Table 2. Self-reported means and standard deviations for each group.

PrP Fixed payment

Low Set High Set Low Set High Set

Stress 1.26 1.52 1.13 1.55
(0.79) (0.84) (0.87) (0.86)

exhaustion 1.02 1.07 0.82 1.12
(0.73) (0.69) (0.76) (0.81)

effort 2.19 2.35 2.04 2.14
(0.72) (0.61) (0.73) (0.71)

Strain 1.71 1.87 1.56 1.82
(0.89) (0.82) (1.03) (0.82)

risk of being 
negatively judged 
by others

0.87 1.12 0.86 1.18
(1.09) (1.15) (1.08) (1.12)

risk that others 
would believe that 
performance 
reflected ability

1.52 1.61 1.60 1.74
(1.11) (1.11) (1.03) (1.04)

Arithmetic ability 2.56 2.72 2.64 2.74
(0.99) (1.00) (1.10) (1.00)

Set  =  social evaluative threat; PrP  =  performance-related pay. Stress, exhaus-
tion, effort and strain refer to the first four self-reported items in the post-task 
survey: “After the task, how stressed do you feel?” “After the task, how 
exhausted do you feel?” “How much effort did you exert solving the mathe-
matical problems in the previous 10 minutes?” and “Did you feel under strain 
when solving the mathematical problems in the previous 10 minutes?” (all 
scored from 0  = “None at all”/“Not at all” to 3  = “Much more”/“Great”).
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after controlling for age, sex, level of study, prior participation 
and order of session. there was no significant interaction 
between PRP and set (β = −0.18, p = .212).

3.3.  Cortisol outcome measures

similar to the findings of allan et  al. (2021), the means of all 
cortisol change variables were negative, suggesting that 
anticipation of taking part in the task was more stressful than 
the work task itself (see table 3). consequently, any difference 
discussed here is more appropriately labeled as cortisol recov-
ery rather than stress reactivity. Regardless, there was no sig-
nificant difference between the high and low set condition 
for aUci (t(190) = 0.46, p = .323, d = 0.05), peak change (t(190) 
= 1.13, p = .129, d = 0.11) or overall change (t(190) = 0.22, p 
= .414, d = 0.02). similarly, there was no significant difference 
for aUci (t(395) = −1.21, p = .227, d = 0.12), peak change 
(t(395) = −1.41, p = .160, d = 0.14) or overall change (t(395) = 
−1.54, p = .123, d = 0.16) when comparing the PRP and fixed 
payment contracts.

there was no significant difference between the PRP and 
fixed payment groups in cortisol aUcg (t(395) = −0.20, p = 
.840, d = 0.02), but aUcg did differ significantly between the 
high and low set condition (t(190) = 2.41, p = .017, d = 0.16), 
suggesting that although it did not manifest as a larger cor-
tisol change, the overall cortisol output was higher during 
the high set condition.

a mixed effects model was carried out to examine if PRP 
or set (or their interaction) predicted cortisol change after 
including control variables. as can be seen in table 4, there 
was a statistically significant interaction between PRP and set 
for all three cortisol change outcomes, aUci (β = −15.20, p = 
.047), peak change (β = −0.58, p = .042), and overall change 
(β = −0.81, p = .017) such that, where set was high, recovery 
was slower in the fixed payment group than the PRP 
(piece-rate) group (see Figure 2).

as the difficulty, and therefore stress, of the work task may 
have varied between those with weak and strong mathemat-
ical skills, further sub-group analyses were carried out in 
which the participants were split into relatively low- and rel-
atively high-performers using a median split from their num-
ber of correct calculations during the simulated work task. 
carrying out the same mixed effects model separately for the 
low and high performers revealed that the interaction pattern 
predicting overall change was only evident among the low 
performing participants subgroup (β = −1.22, p = .015) and 
not among the high performing subgroup (β = −0.29, p = 
.516). similarly, there was no significant interaction when pre-
dicting aUci (β = −11.93, p = .316) or peak change (β = 
−0.41, p = .340) among high performers. although there were 
also no statistically significant interactions when predicting 
aUci (β = −18.23, p = .070) or peak change (β = −0.75, p = 
.055) among low performers, the direction of these effects are 
consistent with the results for the total sample.

4.  Discussion

in contrast to our hypotheses, we only found a significant 
effect of set and no effect of PRP on cortisol responses. 
Furthermore, an interaction effect revealed that high set led 
to higher levels of cortisol when paired with the minimum 
performance fixed payment contract compared with when 
paired with PRP. among the control variables, we found that 
older participants and participants who had participated in 
previous experiments in the lab were more likely to be 
stressed or recover at a slower pace. the relationship between 
slow recovery and prior experience is likely to be at least in 
part due to these participants feeling less anticipation prior 
to the work task and therefore having lower baseline levels of 
stress. importantly, the randomized allocation used resulted 
in a comparable proportion (roughly two-thirds) of partici-
pants in both the PRP and fixed payment conditions having 
had prior experience taking part in a lab experiment.

the small but significant effect of set on cortisol is 
well-established in the literature (Dickerson & Kemeny, 2004). 
the relatively small size of the effect here is not surprising; 
the nature of the experiment meant that performance had to 
be monitored to some extent in order to calculate the pay-
ment, regardless of the condition. consequently, there was 
some degree of set in both of the experimental conditions. 
By including a leaderboard, there was a threat of evaluation 
from peers as well as the supervisor, and by instructing the 
experimenter to be present in the room during the work task, 
set was made more salient in the high set condition. the 
difference in self-reported threat seen in the current study 
suggests that this manipulation worked as intended.

the absence of a statistical difference in stress between 
the PRP and fixed payment conditions is more surprising con-
sidering the findings of allan et al. (2021). however, Dickerson 
and Kemeny (2004) find that motivated (e.g. incentivized) 
performance increases cortisol reactivity when paired with 
uncontrollability and set, but not on its own. interestingly, 
examining the difference in self-reported stress between PRP 
and fixed payment in just the low set conditions shows 

Table 3. Cortisol means and standard deviations for each group.

PrP Fixed payment

Low Set High Set Low Set High Set

AUCi −23.25 −28.81 −25.54 −14.67
(46.07) (54.46) (41.98) (46.29)

Peak change −0.33 −0.43 −0.39 0.14
(1.63) (1.76) (1.48) (2.13)

Overall change −1.27 −1.65 −1.37 −0.88
(1.93) (2.36) (1.77) (2.25)

AUCg 148.85 159.26 148.46 162.52
(85.84) (85.78) (70.21) (68.65)

Cortisol 1st 
sample 
(nmol/L)

4.30 4.70 4.35 4.43
(2.73) (2.97) (2.36) (2.23)

Cortisol 2nd 
sample 
(nmol/L)

3.73 4.06 3.71 4.01
(2.35) (2.27) (1.84) (1.77)

Cortisol 3rd 
sample 
(nmol/L)

3.48 3.60 3.44 4.03
(2.02) (2.13) (1.76) (1.97)

Cortisol 4th 
sample 
(nmol/L)

3.03 3.05 2.98 3.55
(1.66) (1.52) (1.47) (1.88)

Set  =  social evaluative threat; PrP  =  performance-related pay; AUCi  =  area 
under the curve with respect to increase; AUCg  =  area under the curve with 
respect to ground.
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similar trends as found in previous studies (allan et  al., 2021). 
the current study employs a smaller sample, and the current 
design measures set within-participants to allow for a 
repeated measures design across set instead of across pay-
ment contracts, which may explain why the difference is not 
statistically significant. however, under conditions of high set, 
this trend is reversed, and fixed payments lead to higher 
physiological stress than PRP. although this was not what we 
expected, we argue that these findings have important 
implications.

One potential reason for this pattern is the presence of a 
minimum performance threshold in order to receive a pay-
ment under the fixed payment condition. a minimum thresh-
old to earn the fixed payment has not always been included 
in previous studies on variable pay (e.g. Dohmen and Falk, 

2011). however, we included a threshold to ensure that all 
participants engaged with the work task to at least a mini-
mal level. all jobs, regardless of whether they use variable or 
fixed pay, include some kind of performance element, even 
if it is not explicitly linked to pay as it is in the current study. 
Unfortunately, structuring the task in this way to ensure that 
participants have to put some effort into task performance 
may have caused some stress, which in turn increased the 
similarity between the two conditions, leading to an effect 
size that is biased toward finding no effect. Previous studies 
using the same design (allan et  al., 2021) did see statistically 
significantly higher levels of both cortisol and self-reported 
stress in the PRP contracts than in the fixed payment groups, 
albeit the effects are small. so why do we not see the same 
pattern here?

Table 4. Mixed effects regressions for cortisol change outcomes by experimental group.

AUCi Peak change Overall change

B SE p β SE p β SE p
Fixed effects
(Intercept) −40.59 10.57 <.001 −0.57 0.39 .146 −2.20 0.46 <.001
PrP −0.43 6.35 .946 −0.04 0.24 .862 0.01 0.28 .978
High Set 10.47 5.48 .058 0.51 0.21 .014 0.49 0.24 .047
PrP*high Set −15.20 7.59 .047 −0.58 0.29 .042 −0.81 0.34 .017
24+ years 20.46 6.83 .003 0.59 0.25 .021 0.93 0.30 .002
Undergraduate −6.36 8.16 .437 −0.57 0.30 .058 −0.05 0.36 .887
Male 10.12 5.55 .070 0.37 0.20 .068 0.26 0.24 .280
Second session 3.16 3.81 .408 0.14 0.14 .320 0.17 0.17 .321
Confounding activities −8.48 5.56 .128 −0.28 0.21 .182 −0.50 0.25 .042
Confounding 

medications
4.43 6.50 .496 −0.002 0.24 .994 0.17 0.29 .551

Prior participation 16.62 5.65 .001 0.57 0.21 .007 0.77 0.25 .002
Random effects (variances)
residual 1407.64 144.90 <.001 2.00 0.21 <.001 2.78 0.28 <.001
Subject (Intercept) 617.28 155.05 <.001 0.78 0.21 <.001 1.15 0.29 <.001
Set  =  social evaluative threat; PrP  =  performance-related pay. reference categories are fixed payment performance, low Set, 18–23 years, postgraduate, female, 

first session, no confounding activities, or medications and no prior participation. Bolded variables indicate statistical significance (α  =  .05).

Figure 2. Mean overall cortisol change levels per subgroup with 95% CI. A boxplot with four bars demonstrating the mean overall change for each payment 
group-Set combination. the fixed payment-high Set bar has the highest level of overall mean change whereas the PrP-high Set bar has the lowest overall change.
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the answer is possibly due to an interaction between set 
and the minimum performance threshold. it may be that the 
threshold signifies a clear boundary between “failing” and 
“passing” and that the risk of being exposed as “failing” to 
meet this threshold may have inadvertently served as a more 
potent social-evaluative threat (Fehlner et  al., 2020) than 
being exposed as simply performing at a lower level but 
without a clear failure threshold as in the fixed payment con-
dition. indeed, the interaction is primarily driven by the 
low-performing individuals in our study, as we do not see 
this pattern in the high-performing group. it may be that the 
minimum performance threshold acts like a PRP contract, but 
with a larger incremental step than in the PRP condition.

if both conditions are effectively capturing different types 
of variable pay and have differing effects depending on the 
set context, then it is not accurate to refer to them as low 
and high-motivated performance conditions. Furthermore, 
ability plays some part in the direction of the effects that we 
find. high-performing participants in the PRP condition have 
almost identical stress coefficients across both the high and 
low set conditions, whereas the majority of participants in 
the fixed payment condition experience a jump in stress 
when paired with high set, regardless of their performance. 
Finally, low-performing PRP participants are somewhat 
stressed in the control condition yet experience a decrease in 
stress when their performance is visible to peers. there is 
some evidence that reducing focus on the individual leads to 
a lower cortisol response in competitive contexts (Rohleder 
et  al., 2007). it is possible then that the incremental payment 
reduces focus on the individual in the set context, but that 
a clear threshold is perceived as increasing focus in the set 
context.

Finally, it is important to note that the interaction effect is 
not visible in our self-reported stress data. instead, set is a 
significant predictor of higher self-reported stress across both 
payment conditions, and consequently, the need to differen-
tiate between physiological and perceived stress becomes 
clear. Prior research (Dickerson et  al., 2008) did not always 
find a correlation between the two, and so it has been sug-
gested that cortisol is particularly driven by self-conscious 
emotions, such as shame. it may be that incorporating a 
threshold is not more stressful than variable pay in a tradi-
tional sense, but that explicit failure and exposure to others 
involve more shame. Regardless of how cortisol levels relate 
to self-reported stress, higher levels of cortisol can have 
long-term implications for health.

although the focus of the study was on variable-pay 
employees, these results still have implications for a large 
portion of the working population. Many jobs include a quota 
or a minimum performance threshold in exchange for receiv-
ing bonuses or other benefits in the workplace (e.g. in sales; 
see schwepker & Good, 2012). similarly, job promotions may 
operate in this way—there is a threshold that you have to 
meet over a period of time to get a promotion. One example 
is acquiring grant income for academic researchers, a thresh-
old that is often visible to others and that, as suggested by 
these results, may cause distress if employees are struggling 
to meet that threshold. although there is a large literature on 
stress and demands in the workplace, to date there has been 

little research examining the role that minimum thresholds in 
particular play in causing work-related stress.

this study also has implications for researchers working on 
PRP from a theoretical perspective. although we failed to 
reject the null hypothesis that PRP and set lead to more 
stress than other pay contracts, what these results do suggest 
is that PRP is a much more complex concept, and the differ-
ences between various forms of PRP are often not given full 
consideration in the literature. in the real labor market, PRP 
includes a wide range of different types of payment con-
tracts. similarly, the definitions of performance pay in the lit-
erature range from piece rate payments only (Davis & hoyt, 
2020) bonuses (Green & heywood, 2008), as well as conse-
quences for promotion (Baktash et  al., 2022), to name a few. 
We argue that the opposing directions of cortisol reactivity in 
the different payment contracts depending on whether it is 
combined with high or low set show that subtle differences 
in payment structure can have different effects on physiolog-
ical stress depending on the context.

although the experimental design allows us to measure 
the impact of payment structures on acute stress, this leads 
to some limitations that need to be discussed. Firstly, the 
study is restricted to only measuring acute stress, and we 
cannot draw any conclusions about the impact of payment 
structures on long-term or chronic stress. secondly, the study 
makes use of a student sample, and future research would 
benefit from expanding the sample beyond university stu-
dents. Finally, although the math calculation task was chosen 
as a potentially stressful simulated work task (Dickerson & 
Kemeny, 2004), the results suggest that anticipation of the 
task was more stressful than the task itself, in line with the 
findings by allan et  al. (2021).

in conclusion, the current study aimed to examine whether 
the combination of a social evaluative threat and PRP pay-
ment would increase overall levels of physiological stress. 
however, in contrast to our original hypothesis, increasing 
levels of social evaluative threat lead to higher physiological 
stress in participants completing a work task under fixed pay-
ment and not PRP conditions. importantly, these results do 
not suggest that stress (physiological or not) is eliminated 
from variable-payment jobs but rather that various forms of 
incentivization interact differently with set. these subtle dif-
ferences need to be taken into account in future work and 
stress research, as well as in the workplace.
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