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Abstract
Rationale  Healthy adults increasingly use drugs to enhance cognitive performance. However, these drugs influence brain 
systems that have also been associated with dishonesty. Given the prevalent use of potentially performance-enhancing drugs 
in contexts susceptible to cheating, it is crucial to ascertain whether they have adverse effects on honesty.
Objectives  Our primary objective was to compare the effects of methylphenidate with those of placebo to determine the 
direction and magnitude of its potential influence on dishonest behavior. We furthermore examined the intuitions of people 
who use smart drugs about the effects of methylphenidate on cheating in a US representative sample.
Methods  We conducted a double-blind, placebo-controlled experiment to compare the effects of methylphenidate (Ritalin), a 
popular performance-enhancing drug, and compared its effects with atomoxetine (Strattera), another performance-enhancing 
drug with a distinct pharmacological mechanism. Participants were randomly assigned to receive either a placebo (n = 52), 
methylphenidate (n = 49), or atomoxetine (n = 50). Subsequently, they performed a die-rolling task in which they could 
increase their earnings by dishonestly misreporting their outcomes. Additionally, a representative sample of 575 American 
participants indicated their performance-enhancing drugs use and intuitions about the effects of these drugs on dishonesty.
Results  Our findings show that, compared to the placebo condition, methylphenidate reduced dishonesty. This effect was not 
attributable to statistical fluctuations, demand effects, or domain-general mechanisms such as mood or attention. In addition, 
individuals who use drugs to enhance performance have limited intuitions about the impact of methylphenidate on dishonest 
behavior.
Conclusion  These results reveal an unforeseen consequence associated with methylphenidate and may have policy impli-
cations regarding the paradoxical relationship between the use of drugs for performance enhancement and their potential 
impact on honesty.
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Introduction

Around the world, more and more healthy adults are taking 
prescription drugs in the belief that these drugs will increase 
their cognitive performance despite doubts about the effec-
tiveness of these drugs to enhance performance (Bowman 
et al. 2023). In the latest global survey, 14% of the general 
population reported taking drugs like methylphenidate and 
atomoxetine to enhance cognitive performance in the past 
year, marking a significant increase from 5% in 2015 (Maier 
et al. 2018). In the US alone, more than 5 million individu-
als reported using drugs in the hope of improved perfor-
mance in 2018 (Board et al. 2020), and estimates of such 
drug use in the country range from 2.1% to 58.7% among 
the sampled population (Faraone et al. 2020). Similarly, 
European countries like France and the UK are also wit-
nessing a surge in use of potentially performance enhanc-
ing drugs, indicating a global trend of drug use to increase 
performance (Daubner et al. 2021). Although potentially 
performance-enhancing drugs are consumed by a diverse 
range of individuals in various contexts (Franke et al. 2011, 
2013, 2014; Dietz et al. 2013), their popularity is particu-
larly notable in academic and professional settings. A recent 
review found that between 5% and 43% of college students 
have used drugs with the hope to improve their performance 
within the past year (Sharif et al. 2021), with estimates as 
high as 55% among specific student populations such as 
fraternity members (DeSantis et al. 2009). While precise 
figures for professionals are less available, research indi-
cates that performance enhancing drugs are regularly used 
in the workplace (Gesundheitsreport 2015; no date), in the 
financial industry (Bowman et al. 2020), or by economists 
(Dietz et al. 2016). Moreover, the use of drugs has a long-
standing history in military contexts, aiming to enhance sol-
dier performance in combat, primarily to lessen fatigue and 
improve attention (Saniotis and Kumaratilake 2020; Ehlert 
and Wilson 2021; Wingelaar-Jagt et al. 2021; Van Puyvelde 
et al. 2022).

One widely-used drug, methylphenidate, is commonly 
prescribed to alter concentration in individuals with ADHD 
(Wolraich et al. 2019), and improves attention and inhibi-
tory control in healthy adults as well (Linssen et al. 2014; 
Ilieva et al. 2015; Roberts et al. 2020), aligning with the 
expectations of users. The mechanism behind this improve-
ment lies in methylphenidate’s ability to impede dopamine 
and norepinephrine reuptake, thereby augmenting extracel-
lular dopaminergic and noradrenergic activity in cortical 
and striatal brain regions (Volkow et al. 2001, 2005; van 
den Bosch et al. 2022). Given the broad impact of meth-
ylphenidate on neurotransmitter function, it is pertinent to 
consider its broader behavioral effects beyond improving 
attention and inhibitory control. We chose to investigate its 

effects on dishonesty, given the escalating use of methyl-
phenidate in academic, business, and military environments 
where opportunities for dishonesty are prevalent and where 
the consequences of dishonest behavior are significant. For 
example, a recent survey of more than 70,000 undergradu-
ate students in the US reveals that 68% admitted to engaging 
in academic cheating on tests or written assignments (Bal-
lentine et al. 2019). No studies to date have investigated the 
impact of methylphenidate on dishonest behavior in healthy 
adults, despite its relevance to the very contexts in which 
methylphenidate is commonly used. However, one study 
tested the effect of methylphenidate on cheating in 22 medi-
cated boys with ADHD diagnosis, comparing their academic 
cheating on a day when they received methylphenidate with 
a day when they received a placebo (Hinshaw et al., 1992). 
Methylphenidate increased cheating in boys with ADHD 
who received methylphenidate on the first day of testing, 
but not in participants who received the placebo on the first 
day of testing. While these mixed results might suggest that 
methylphenidate has the potential to impact cheating, the 
significant differences in how a single dose of methylphe-
nidate impacts healthy adults compared to children with an 
ADHD diagnosis and regular drug use (Busardò et el, 2016; 
Linssen et al. 2014) make it hard to generate an implication 
for the present research.

The neurochemical modulation induced by methylphe-
nidate also influences brain regions associated with dis-
honest behavior. The decision-making process involving 
the prioritization of self-interest over adherence to hon-
esty norms engages fronto-striatal circuits (Buckholtz et 
al. 2015; FeldmanHall et al. 2015; Crockett et al. 2017; 
Carlson and Crockett 2018; Qu et al. 2019; van Baar et al. 
2019; Zoh et al. 2022), which are sensitive to drugs target-
ing the dopamine system (Pedroni et al. 2014; Crockett et al. 
2015; Sáez et al. 2015; Soutschek et al. 2017). While exist-
ing research suggests that methylphenidate may affect dis-
honest behavior, the specific direction of this effect is hard 
to predict. The impact of dopaminergic activity on social 
behavior appears to be contingent, at least in part, on the 
particular drug manipulation used to increase or decrease 
dopaminergic activity. For instance, augmenting dopamine 
function through the administration of the dopamine pre-
cursor levodopa diminishes prosocial behavior in healthy 
adults (Pedroni et al. 2014; Crockett et al. 2015), while 
the Catechol O-Methyltransferase inhibitor tolcapone, 
which heightens prefrontal dopaminergic tone, promotes 
egalitarian behavior (Sáez et al. 2015). Similarly, elevating 
dopaminergic activity via levodopa reduces self-interest in 
male participants (Pedroni et al. 2014). However, attenuat-
ing mesolimbic dopaminergic activity through amisulpride 
increases self-interest in men but diminishes it in women 
(Soutschek et al. 2017; Artigas et al. 2019). Consequently, 
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it is plausible to hypothesize that drugs such as methylphe-
nidate, used for cognitive enhancement purposes, may have 
side effects on dishonesty, although the specific effects may 
depend on the precise pharmacological mechanism of the 
drug and the context in which it is taken.

To investigate the impact of methylphenidate on dis-
honesty, we conducted a double-blind, placebo-controlled 
experiment. Our primary objective was to compare the 
effects of methylphenidate with those of placebo to exam-
ine the direction and magnitude of its potential influence 
on dishonest behavior. However, given that different cog-
nitive-enhancing drugs increase attention and concentration 
through different pharmacological mechanisms, it seems 
unlikely that all will have similar side effects on dishon-
est behavior. Therefore, in the same study, we additionally 
examined the effects of another cognitive-enhancing drug, 
atomoxetine (Strattera), to explore whether its impact on 
dishonest behavior aligns with that of methylphenidate. 
Atomoxetine has also been shown to impact attention and 
working memory (Hernaus et al. 2017), albeit via mecha-
nisms that are different from methylphenidate (Marquand 
et al. 2011). This comparative analysis is valuable as meth-
ylphenidate and atomoxetine operate through distinct phar-
macological mechanisms. While methylphenidate acts as 
a dopaminergic and noradrenergic reuptake inhibitor, ato-
moxetine functions as a selective noradrenergic reuptake 
inhibitor (Simpson and Perry 2003; Gilbert et al. 2005; 
Nandam et al. 2014; Shang et al. 2016). By comparing the 
effects of these two drugs, we can gain insights into the gen-
eralizability of their side effects on dishonest behavior and 
gain information about potential neuromodulatory mecha-
nisms. If methylphenidate alone affects dishonesty, we can 
infer a dopaminergic mechanism, while if both drugs affect 
dishonesty, we cannot rule out a noradrenergic mechanism.

Participants (N = 151) were randomly assigned to one of 
three conditions: placebo (n = 53), a 30 mg dose methylphe-
nidate (n = 50), or a 60 mg dose of atomoxetine (n = 53) in 
a double-blind design. The methylphenidate and atomox-
etine doses conform to standard levels used in research with 
healthy adults, assumed to be of equivalent effects (Cham-
berlain et al. 2007; Hester et al. 2012; Nandam et al. 2014). 
The study employed measures to ensure blinding of both 
participants and experimenters. Cognitive enhancing effects 
were assessed by measuring sustained attention before and 
80 min after drug administration, while participants’ mood 
was also assessed during these time points. Subsequently, 
approximately ninety minutes after drug administration 
(corresponding to peak plasma levels for both drugs) (Mül-
ler et al. 2005; Sauer et al. 2005; Dockree et al. 2017), par-
ticipants engaged in a die-rolling task designed to measure 
dishonesty, alongside other incentivized economic games 
that were implemented to discern the specificity of the 

effects on dishonest behavior while also concealing the pur-
pose of the study (Fig. 1). It is worth noting that behavior in 
this task has been shown to predict real-world dishonesty in 
various contexts, including educational settings (Cohn and 
Maréchal 2018), prison misconduct (Cohn et al. 2015), fare-
dodging on public transport (Dai et al. 2017), and corrupt 
behavior among civil servants (Hanna and Wang 2017).

While many people perceive taking drugs in the hope to 
improve performance as dishonest (Schermer 2008; Good-
man 2010; Bell et al. 2013), a question arises: do they also 
anticipate that the use of such drugs itself might have side-
effects on honest behavior? To investigate this, we explored 
in a second study the intuitions of previous drugs users and 
non-users regarding the impact of methylphenidate on dis-
honest behavior. We recruited a nationally representative 
sample of US participants (N = 574), ensuring representa-
tion across gender, age, and race. Participants were provided 
with a description of the pharmacological study procedures, 
including the observed level of dishonest misreporting in 
the placebo condition. Subsequently, they were asked to 
make predictions about the extent of dishonest misreporting 
in the methylphenidate condition, with incentives provided 
for accurate predictions.

Methods

Participants

We ran simulations to determine the target sample size and 
statistical power for our study. Finance constraints allowed 
us to test 150 participants. And we expected the effect of 
the drugs on dishonest behavior to be around 6% since 
Cohn et al. show that reminding prison inmates of their 
criminal identity increased success rates by 6% percent-
age points (Cohn et al. 2015). Hence, we aimed to increase 
statistical power to an optimum by increasing the trials on 
the die rolling task (i.e., reducing the measurement error, 
Blake and Gangestad 2020). To estimate statistical power, 
we performed 10,000 simulations of placebo samples, each 
consisting of 50 subjects rolling the die multiple times. We 
assumed that each die roll follows a binomial process with 
a success rate of 50%. Similarly, we simulated 10,000 sam-
ples for methylphenidate and atomoxetine, with 50 subjects 
per sample, assuming success rates ranging from 50% to 
70% in 1% increments. Using rank-sum tests, we compared 
each pair of drug and placebo samples to determine if the 
difference in successful die rolls is statistically significant. 
The proportions of hypotheses rejected at a two-sided 5% 
significance level provided estimates of statistical power for 
different numbers of die rolls. The simulation results indi-
cate that a sample size of 50 subjects per treatment group is 
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blood thinners, epinephrine medications for high blood 
pressure, diet pills, antidepressants or anti-seizure medica-
tions, if they smoked more than five cigarettes per day, if 
their answers on the Alcohol Use Disorders Identification 
Test (Reinert and Allen 2007) indicated hazardous drink-
ing (score of eight or higher), or if they had a history of 
mental illness. Participants were also instructed to refrain 
from excessive caffeine consumption on the morning of the 
experiment, and to abstain from alcohol consumption the 
night before.

Procedure

On the day of the experiment, participants were again pro-
vided with the participant information sheet to ensure their 
understanding of the study’s procedures and risks, after 
which they signed the consent form. Subsequently, various 
physiological measurements were taken, including blood 
pressure, heart rate, weight, height, mood, and attention. 
Following this, the drug administration took place under 
the supervision of a medical attendant. Participants received 
three pills containing either 30  mg of methylphenidate, 
60  mg of atomoxetine1, or a placebo composed of sugar. 
The dosage levels were determined based on previous 

1   Most studies using single-dose atomoxetine manipulations employ 
a dosage of 60 mg (e.g., Chamberlain et al. 2006, 2007; Nandam et al. 

sufficient to detect an increase or decrease in success rates 
of 6% points with 87% or 84% power, respectively, if they 
roll the die 25 times.

 Participants (N = 156) were randomly assigned to one of 
three conditions: placebo (n = 53), methylphenidate (n = 50), 
or atomoxetine (n = 53). Four participants discontinued the 
study due to experiencing nausea (one in the methylpheni-
date condition, three in the atomoxetine condition) and an 
additional participant was excluded due to a computer fail-
ure (placebo condition). This resulted in a final sample of 
151 participants. We did not find differences between con-
ditions for age, gender, income, and education (see Table 
S1). The study had a double-blind design such that neither 
participants nor experimenters knew in which condition the 
participant was.

Before participating in the study, people interested in par-
ticipating completed a survey that assessed potential exclu-
sion factors. People were excluded from participating if 
they self-reported having a diagnosis of ADHD or ADD, or 
if they reported currently using or having a history of using 
ADHD drugs or any other potentially cognitive-enhancing 
substances. Furthermore, people were also excluded if their 
score on the Beck Depression Inventory – II (Beck et al. 
1996) exceeded 12, if they had prior experience with experi-
ments involving similar tasks, if they had a history of illicit 
drug use, if they were taking specific medications such as 

Fig. 1  A At the beginning of the testing session, participants’ mood 
and sustained attention were measured. Subsequently, participants 
were randomly assigned to receive either placebo, methylphenidate 
(30 mg), or atomoxetine (60 mg). Participants then waited for a dura-
tion of 80 min. After the waiting period, participants’ mood and sus-
tained attention were measured once again. The subsequent phase 
involved participants completing a series of incentivized tasks, includ-
ing measures of dishonesty, self-interest, risk-taking, and impulsivity. 

These tasks were administered in a randomized order. Finally, par-
ticipants answered questions regarding their beliefs about which drug 
they received, its potential effects, and the nature of the experiment 
itself. B To measure dishonest behavior, participants engaged in a die-
rolling task consisting of 25 rounds. Prior to each roll, participants 
were informed by the computer which outcomes would result in a pay-
off of 10 tokens (equivalent to £1). Subsequently, participants rolled 
the die under a cup and reported the outcome obtained
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sequences of digits, such as 13 − 5, 2–4-6, 3–5-7, and 4–6-8, 
by pressing the space key as quickly as possible.

Mood

To assess participants’ mood, we utilized a self-report 
measure before and 80  min after the drug administration, 
consisting of 16 items adapted from (Crockett et al. 2015). 
Participants were asked to indicate their feelings on a slider 
scale from 0 to 1. The scale included opposing endpoints for 
each dimension, such as sociable-withdrawn or incompe-
tent-proficient. The 16 items were factor analyzed, resulting 
in two factors: energy (reflecting feelings of being energetic, 
alert, quick-witted) and contentment (reflecting feelings of 
calmness, contentment, and happiness).

Dishonesty

To measure dishonesty, participants rolled a six-sided die 
for a total of 25 rolls. Participants were informed that they 
would roll a die 25 times, with a 50% chance of winning 
10 tokens (equivalent to £1) and a 50% chance of winning 
nothing on each roll. Prior to each roll, participants were 
informed which outcome would yield the 10-token pay-
off (e.g., rolling an odd or even number). Participants then 
rolled the die under a cup and reported their outcome on 
the computer. This task was conducted privately in an iso-
lated room to eliminate concerns about being caught while 
misreporting outcomes. However, dishonest behavior is 
detectable at the group level by comparing the percentage 
of reported successful die rolls to the honesty benchmark of 
50% in each of the three conditions.

Participants entered the outcomes of each roll into the 
computer interface. In each round, half of the rolled num-
bers (e.g., 1, 2, 3) resulted in a payoff of 10 tokens (£1), 
while the remaining numbers yielded no payoff. Prior to 
each round, participants were informed on the computer 
screen which numbers would result in a payoff. Using a 
cup, participants physically rolled the die and then entered 
the resulting outcomes into the computer. To ensure com-
prehension of the task rules, participants also reported the 
corresponding payoffs. This task was conducted individu-
ally in a separate room, ensuring privacy and absence of 
observation. If the random computer draw at the end of the 
experiment indicated that the die rolling task was selected 
for payment, participants received the earnings accumulated 
from all 25 rounds.

Risk preferences

In order to assess participants’ risk preferences, we 
employed a task involving trade-offs between risky and 

studies that have demonstrated cognitive effects (Chamber-
lain et al. 2007; Nandam et al. 2014).

After a lapse of eighty minutes from the drug adminis-
tration, a second round of measurements was conducted, 
encompassing blood pressure, heart rate, mood, and atten-
tion. The battery of incentivized economic tasks was 
administered ninety minutes post-drug administration. The 
timing of these tasks was determined in consideration of the 
timeframe within which peak plasma levels are typically 
observed for the three drugs (90–180  min) subsequent to 
oral ingestion in adults (Chamberlain et al. 2006; Nandam 
et al. 2011, 2014; Hester et al. 2012).

Randomization, blinding and code-breaking 
procedures

Participants were randomly assigned to one of three groups 
(methylphenidate, atomoxetine, or placebo) using a pre-
generated list. Gender balance was ensured by recruiting 
an equal number of male and female participants. The ran-
domization lists for men and women were generated using 
a standard software package for random number generation 
in MATLAB. To maintain blinding, the researcher respon-
sible for data collection was unaware of the treatment group 
assigned to each participant. Blinding was achieved by 
encapsulating the methylphenidate, atomoxetine, and pla-
cebo tablets in identical form. The randomization codes and 
schedule were held by a researcher who was not involved in 
drug administration or data analysis. At the end of the study, 
participants were informed whether or not they had received 
a drug, and if so, which one they were assigned to. There 
were no significant differences between conditions for edu-
cation level, χ²(2) = 2.35, p = 0.309, income, χ²(2) = 3.05, p = 
0.218, or age, F(2, 146) = 1.34, p = 0.265. (Table S1).

Measures

The instructions for every task can be found at ​h​t​t​p​​s​:​/​​/​o​s​f​​.​i​​o​
/​u​​v​5​k​e​​/​?​v​​i​e​w​​_​o​n​​l​y​=​​c​e​4​4​​a​2​​8​f​8​​6​d​5​4​​3​e​3​​a​5​8​​3​9​b​7​f​d​a​7​9​a​c​b​8.

Attention

To measure sustained attention, we employed a Rapid Visual 
Information Processing task (Sarter et al. 2001). In this task, 
participants had to detect specific number sequences (e.g., 
1, 3, 5) within a rapid succession of single digits. A white 
square was displayed on the screen, within which from 1 
to 9 appeared randomly at a rate of 100 digits per minute. 
Participants were instructed to identify and respond to target 

2011, 2014) or 40 mg (Tona et al., 2020; Warren et al., 2017; Lim et 
al., 2025).
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Drug administration beliefs

Following the conclusion of the experiment, participants 
were presented with a series of questions aimed at gathering 
insights into their experiences during the study, as well as 
their beliefs regarding the drug manipulation and the tasks. 
Specifically, participants were asked whether they believed 
they had received a drug or a placebo, and if they believed 
they had received a drug, they were further queried about 
their perception of which specific drug they had received.

Data analysis

To examine the effects of methylphenidate and atomox-
etine on cognitive performance and dishonest behavior, we 
analyzed data from two primary tasks: a sustained attention 
task and a die-rolling task. The dependent variables in the 
sustained attention task were participants’ reaction times 
(RTs) and accuracy in detecting numerical sequences. 
These outcomes were analyzed using repeated-measures 
ANOVAs to test for interaction effects between drug con-
dition (methylphenidate, atomoxetine, placebo) and time 
(pre- vs. post-dosing). Follow-up pairwise comparisons 
were conducted using ANOVAs or t-tests, where appro-
priate, to explore specific differences between conditions. 
Dishonest behavior was assessed using a die-rolling task, 
where participants self-reported the outcomes of private 
dice rolls. The primary dependent variable was the propor-
tion of reported successful rolls, with higher proportions 
indicating greater dishonesty. We first compared observed 
success rates to the 50% benchmark for honest reporting 
using one-sample t-tests. Differences in dishonesty across 
drug conditions were assessed using non-parametric Krus-
kal-Wallis tests, followed by Bonferroni-adjusted pairwise 
comparisons using Mann-Whitney U tests. Additional 
analyses used simulation-based approaches and Bayes-
ian methods to evaluate whether observed differences 
could plausibly arise from random variation alone. High-
est Density Intervals (HDIs) were computed to determine 
whether observed distributions were consistent with hon-
est reporting.

To assess alternative explanations, including demand 
effects and the potential role of mood, attention, impulsiv-
ity, risk-taking, and self-interest, we conducted a series of 
control analyses. These included regression analyses to test 
whether drug-induced changes in attention (as measured 
by changes in RTs) predicted dishonesty, and ANCOVAs 
to test whether the effect of methylphenidate on dishon-
esty remained significant when controlling for participants’ 
beliefs about drug assignment, mood, and other psychologi-
cal states.

certain payments (Falk, et al., 2016). Participants were pre-
sented with two tables, each containing 21 rows. Within 
each row, participants had to choose between a guaranteed 
payment and a lottery option that had a 50% chance of yield-
ing 200 Tokens (£20) and a 50% chance of yielding noth-
ing. The lottery option remained the same across all rows 
in both tables, while the safe payment varied. The safe pay-
ment decreased in increments of 10 token (£1) steps from 
200 tokens (£20) to 0 token (£0). In the second set of tables, 
we introduced random variations by adding or subtracting 
up to 3 tokens to each safe payment option. If this task was 
randomly selected for payment at the end of the experiment, 
one of the participants’ choices was randomly selected for 
payment. The row at which participants switched from pre-
ferring the lottery to preferring the safe payment indicates 
their individual risk preferences.

Material self-interest

Each participant was given an endowment of 200 tokens 
(£20) and had to make a decision regarding the amount they 
wished to donate to different charities: Red Cross, UNICEF, 
and Doctors Without Borders. The order of presentation for 
these options was randomized to mitigate potential order 
effects.

Impulsivity

Participants made a series of binary choices, where they had 
to decide between receiving a specified number of tokens at 
a later date or obtaining an equal or smaller amount (e.g., 
120 tokens or £12) at an earlier date. We implemented three 
different scenarios: “today vs. in 3 months”, “today vs. in 6 
months”, and “in 3 months vs. in 6 months.” Within each 
scenario, participants were given a list with 25 choice situa-
tions involving the delayed payment and an earlier payment. 
The first row of the list featured an earlier payment amount 
equivalent to the delayed payment (e.g., 120 token). In sub-
sequent rows, the amount of the delayed payment increased 
by 5 tokens, with slight variations of plus or minus one or 
two tokens. Participants’ level of impulsivity was deter-
mined by the average point at which they switched from 
selecting the earlier payment to opting for the delayed pay-
ment across all three scenarios. If this task was randomly 
selected for payment, the computer randomly chose one 
row within a scenario. If participants chose an “today” pay-
ment option in that row, they received the corresponding 
amount immediately after the testing session. Alternatively, 
if they chose the delayed payment (i.e., in 3 months or in 6 
months), they could choose between receiving the amount 
by mail or picking it up in person.
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Did methylphenidate and atomoxetine affect 
dishonest behavior?

In line with previous research (Abeler et al. 2019), we 
observed significant levels of dishonest behavior across all 
conditions, although not reaching maximal dishonesty. The 
average reported success rate in the die-rolling task across 
all conditions was 57.82% (SE = 1.23), which is significantly 
higher than the 50% honest benchmark (t(150) = 6.087, 
P < 0.001). Earnings from the task differed significantly 
across treatments, as determined by a non-parametric 
Kruskal-Wallis test (H(2) = 6.218, P = 0.045, Fig.  2A). 
Notably, in the placebo condition (Fig.  2B), participants 
reported 61% successful die rolls on average, which signifi-
cantly exceeds the 50% honest benchmark (t(51) = 5.210, 
P < 0.001; 95% confidence interval: 57–65%). This finding 
suggests that dishonest misreporting occurred in 22% of all 
responses, assuming participants did not misreport to their 
disadvantage.

In stark contrast, participants in the methylphenidate 
condition reported successful die rolls in 53.7% of the rolls 
(Fig. 2C), which is not significantly different from the 50% 
honesty benchmark (t(48) = 1.88, P = 0.066; 95% confidence 
interval: 49%–57%) but is significantly lower than the rate 
observed in the placebo condition (z = 2.48, P = 0.039, 
Bonferroni adjusted). We estimate that participants in the 
methylphenidate condition misreported only on 6% of their 
trials, representing a 72% reduction compared to the pla-
cebo condition.

Results

Did methylphenidate and atomoxetine enhance 
cognitive performance?

We first evaluated whether methylphenidate and atom-
oxetine indeed enhance cognitive performance using a 
sustained attention task (Sarter et al. 2001). In this task, 
participants had to identify sequences of numbers (e.g., 
1, 3, 5, …) within rapid succession of single digits. Cog-
nitive performance was measured based on reaction times 
and accuracy. We found a significant interaction effect of 
drug condition and time (pre versus post) on reaction times 
(F(2,136) = 9.288, P < 0.001). Specifically, participants 
in the methylphenidate condition exhibited significantly 
faster reaction times post-dosing (RTmean = 338.42 ms) 
compared to the placebo condition (RTmean = 379.42 ms, 
F(2,93) = 16.813, P < 0.001). Similarly, participants in the 
atomoxetine condition showed significantly faster reaction 
times post-dosing (RTmean = 351.28 ms) compared to the pla-
cebo condition (F(2,93) = 4.368, P = 0.039). However, there 
was no significant difference between two drug conditions 
in terms of their effects on reaction times (F(1,87) = 2.78, 
P = 0.099). Regarding changes in accuracy, no significant 
effect of drug condition was observed (F(2,136) = 1.80, 
P = 0.16). This lack of significance could be attributed to a 
ceiling effect, as participants already achieved nearly 90% 
accuracy in detecting targets prior to drug administration, 
leaving limited room for improvement.

Fig. 2  A Participants in the meth-
ylphenidate condition cheated 
less than those in the placebo 
condition P = 0.039, Bonfer-
roni adjusted). Boxplot - The 
lower and upper hinges of the 
box represent the first quartile 
and third quartile, the line inside 
the box represents the median. 
B–D Empirical distributions in 
the different conditions compared 
to the binomial distribution 
representing honest behavior. 
*P < 0.05, Bonferroni cor-
rected. ns = not significant. Error 
bars indicate +/- 1 SEM.”Did 
random variations account for 
the effects of methylphenidate on 
dishonesty?
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Can demand effects explain the effects of 
methylphenidate on dishonesty?

An alternative explanation for our findings is that partici-
pants who received methylphenidate may have experienced 
a demand effect, where their beliefs about being under the 
influence affected their behavior rather than the actual neu-
romodulatory effects of the drug. We asked participants 
at the end of the experiment to identify which drug they 
believed they received: placebo, methylphenidate, or atom-
oxetine. The majority of participants thought they received 
a placebo (n = 73, 46.8%), followed by methylphenidate 
(n = 54, 34.6%), and atomoxetine (n = 24, 15.4%). Interest-
ingly, most participants (61.9%) provided incorrect guesses, 
indicating that their beliefs about the received drug were 
not accurate, with their guesses being no better than chance 
(t(154) = 1.039, P = 0.301).

Importantly, participants’ beliefs about the received 
drug did not have an impact on their level of dishonesty 
(H(2) = 2.228, P = 0.328). Participants who believed they 
received a placebo cheated as much (mean percentage of 
successful die rolls = 58.2%) as those who believed they 
were in the methylphenidate condition (mean percentage 
of successful die rolls = 59.2%). Similarly, when dividing 
the sample into participants who believed they were in the 
placebo condition and those participants who believed they 
were in a drug condition (either methylphenidate or atom-
oxetine), we do not find a difference in dishonesty between 
these groups (H(2) = 0.044, P = 0.834). Furthermore, when 
controlling participants’ beliefs about drug administra-
tion, we still find a significant effect of methylphenidate 
on dishonesty (F(1,96) = 4.86, P = 0.030), with no interac-
tion between the effect and drug administration beliefs 
(F(1,96) = 0.27, P = 0.600). These analyses suggest that the 
effect of methylphenidate on dishonesty is likely attribut-
able to its neuromodulation effects rather than participants’ 
beliefs about the drug2.

Beyond demand effects, methylphenidate may have influ-
enced dishonesty through various underlying mechanisms, 

2   Note that we also asked participants if they felt that taking methyl-
phenidate or taking atomoxetine makes a person feel less responsible 
for their actions. For each drug, the majority indicated that the drug 
does not influence how responsible one is for one’s actions. And the 
condition participants were in did not influence their beliefs about the 
responsibility of their actions, ps > 0.05. Finally, we also asked if par-
ticipants thought that the drug influenced their behaviour during the 
experiment, and if so, how. Most participants indicated that the drug 
they received did not alter their decision making (60.3%), while some 
indicated that it made them more focused (13.9%), faster (4.6%), more 
analytical (3.3%), and take more risks (2.6%). None of the answers 
indicated that participants suspected that the drug made them more 
honest or influenced their honesty.

In contrast to methylphenidate, atomoxetine did not 
have a significant impact on dishonesty relative to pla-
cebo. Participants in the atomoxetine condition (Fig. 2D) 
reported successful die rolls in 56.7% of the trials (equiv-
alent to cheating in 14% of the trials). Although this 
success rate is significantly higher than the 50% hon-
esty benchmark (t(49) = 3.76, P < 0.001; 95% confidence 
interval: 53%–62%), it does not differ significantly from 
the placebo condition (z = 1.483, P = 0.414, Bonferroni 
adjusted). Moreover, there was no significant difference in 
reported success rates between the methylphenidate con-
dition and the atomoxetine condition (z = 0.988, P = 0.969, 
Bonferroni adjusted).

Were the observed differences in reported die rolls across 
conditions a result of random variations due to the proba-
bilistic nature of the die-rolling task, or did they reflect a 
genuine effect of methylphenidate on dishonesty? To inves-
tigate this, we conducted simulations and employed Bayes-
ian analysis. In these simulations, we generated 100,000 
experiments mirroring our study in terms of participant 
numbers and die rolls. The simulations assumed that all par-
ticipants consistently reported the truth, with an underlying 
50% success rate.

The results of these simulations align with our empiri-
cal analyses, providing further evidence for a robust 
effect of methylphenidate compared to placebo on dis-
honesty (Fig. S1). In particular, the simulations indicate 
that participants in the placebo condition (p < 0.0001) 
and the atomoxetine condition (P < 0.0001) were dishon-
est. A similar trend was observed in the methylpheni-
date condition, albeit with a lower probability estimation 
(P = 0.017). When computing the Bayesian 95% highest 
density intervals (HDIs), it is evident that the intervals 
for the placebo condition (0.58–0.63) and the atom-
oxetine condition (0.54–0.59) do not include the 50% 
honesty mark. Similarly, the HDI for the methylpheni-
date condition also falls outside the range of honesty 
(0.50–0.55). Importantly, the probability of participants 
behaving honestly and still generating the observed dif-
ference in die success rates between the methylpheni-
date condition and the placebo condition is extremely 
low (P = 0.00002, Panel H in Fig. S1). This implies that 
only 2 out of 100,000 experiments with a similar sample 
size of honest participants would yield a methylphe-
nidate effect of similar or larger magnitude than what 
we observed. In contrast, 2,170 out of 100,000 experi-
ments would have found a similar difference between 
the atomoxetine condition and the placebo condition 
(P = 0.0217), and 2,100 experiments would have found 
a similar difference between the methylphenidate condi-
tion and the atomoxetine condition (P = 0.0210).
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they also anticipate that the use of such drugs itself might 
have side-effects on honest behavior? To investigate this, 
we explored the intuitions of previous drugs users and non-
users regarding the impact of methylphenidate on dishonest 
behavior. We recruited a nationally representative sample 
of US participants (N = 574), ensuring representation across 
gender, age, and race. Participants were provided with a 
description of the pharmacological study procedures, 
including the observed level of dishonest misreporting in 
the placebo condition. Subsequently, they were asked to 
make predictions about the extent of dishonest misreport-
ing in the methylphenidate condition, with incentives pro-
vided for accurate predictions.

Methods

Participants

We contracted the services of Prolific to recruit a national 
representative sample in terms of age, gender, income, 
and education. Initially, a total of 611 participants were 
recruited, but 36 individuals failed to pass a basic attention 
check administered at the beginning of the study and were 
subsequently excluded from the analysis. The final sample 
consists of 575 American participants, with 50.4 identifying 
as female, 49% as male, and a negligible percentage (0.3%) 
falling under the categories of “other” or “prefer not to say.” 
The average age of the participants was 46.94 years (with a 
median age of 47). Regarding educational attainment, the 
majority of participants reported having completed some 
college education (22.1%), followed by those with a 4-year 
college degree (38.8%), a postgraduate or professional 
degree (20.5%), a high school degree (9.2%), and a 2-year 
college degree (9.2%). In terms of household income, about 
one-third of participants indicated an income at the average 
level (29.7%), while another third reported a below-aver-
age income (35.3%), and the remaining third indicated an 
above-average income (32.9%). In our sample, 7.3% of par-
ticipants reported previous use of methylphenidate. Among 
the methylphenidate users, the primary reasons for usage 
were to enhance work or studying performance (59.5%), 
while a smaller proportion mentioned socializing or seeking 
intoxication effects (23.8%), and a subset selected “other” 
as their reason. An additional 17.4% of participants reported 
using prescription drugs other than methylphenidate. Simi-
lar to methylphenidate users, the main motivation for using 
prescription drugs among participants was to enhance per-
formance (60%), followed by socializing or seeking intoxi-
cation effects (27%), with a subset indicating “other” as 
their reason (13%).

including mood, attention, impulsivity, risk, and self-inter-
est. Previous research has established connections between 
these mechanisms and dishonest behavior (see SI Results 
for detailed discussion about how each of these processes 
is related to honesty). First, we tested if enhanced attention 
is responsible for the effects of methylphenidate on honesty 
– was participants’ enhanced focus in the methylphenidate 
condition the reason for their relative honesty? However, 
changes in response times induced by the drug were not 
significantly related to dishonest behavior (beta = 0.003, 
P = 0.969). Furthermore, controlling for drug-induced 
changes in response times did not alter the effect of methyl-
phenidate relative to placebo on dishonesty (F(1,95) = 4.63, 
P = 0.030). In addition to its impact on attention, we found 
that methylphenidate had a significant impact on mood, 
specifically enhancing self-reported feelings of energy com-
pared to both the placebo and the atomoxetine condition. 
Importantly, even when controlling for the effect on energy 
levels, we still found a significant effect of methylphenidate 
on dishonest behavior (F(1,97) = 5.57, P = 0.020). Simi-
larly, controlling for feelings of contentment did not alter 
the methylphenidate effect on dishonesty (F(1,97) = 5.708, 
P = 0.019). No significant effects of methylphenidate were 
observed in relation to impulsivity, risk, or self-interest. 
Importantly, even after controlling for these variables, a sig-
nificant effect of methylphenidate on dishonesty persisted in 
comparison to the placebo condition. This finding suggests 
that the influence of methylphenidate on dishonest behavior 
cannot be attributed to changes in mood, attention, impul-
sivity, risk, or self-interest induced by the drug. Put differ-
ently, one might argue that the effects of methylphenidate 
on dishonest behavior are not simply a downstream conse-
quence of its effect on primary processes; at least the ones 
tested in this study.

Discussion

Taken together, our results reveal a diminished tendency 
toward dishonest misreporting among individuals adminis-
tered with methylphenidate in comparison to those receiv-
ing a placebo. This effect was consistently observed across 
both our empirical analysis and simulations, and it is not 
attributable to demand effects or changes in mood, impul-
sivity, self-interest, or risk preferences. In contrast, the 
administration of atomoxetine did not yield any discern-
ible impact on dishonest behavior relative to either meth-
ylphenidate or placebo conditions. These findings raise 
an interesting question: While many people perceive tak-
ing drugs in the hope to improve performance as dishon-
est (Schermer 2008; Goodman 2010; Bell et al. 2013), do 
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statistics were used to summarize the proportions of partici-
pants selecting each prediction option. To explore whether 
previous experience with cognitive enhancers influenced 
these intuitions, we compared the prediction distribu-
tions of self-reported users and non-users of such drugs. 
This comparison was conducted using a chi-square test of 
independence.

Results

Intuitions about the effects of methylphenidate on 
dishonest behavior

The results show that the participants had limited intu-
itions about the effects of methylphenidate on dishonesty. 
The majority of participants (27.9%) did not expect any 
impact of methylphenidate on dishonest behavior (Fig. 3). 
Conversely, a comparable number of participants expected 
a small increase (21.3%) or decrease (24%) in dishonesty 
resulting from methylphenidate administration, whereas 
fewer participants predicted substantial decreases (11.7%) 
or increases (15.2%) in dishonesty. Thus, only a small frac-
tion of participants accurately predicted the large decrease 
in dishonesty observed in the methylphenidate condition 
compared to the placebo condition. Additionally, when 
participants were asked about their prior usage of prescrip-
tion drugs used to enhance cognitive performance, 17.4% 
of respondents reported having used them. Notably, upon 
comparing the intuitive beliefs of users and non-users, we 
found no statistically significant differences in the distribu-
tion of their predictions (χ2 = 3.16, P = 0.551). In summary, 
our findings indicate that a representative sample of Ameri-
cans lacks reliable and shared intuitions regarding the side 
effects of methylphenidate on dishonest behavior.

General Discussion

In a double-blind, placebo-controlled experiment, we exam-
ined the impact of two popular cognitive performance enhanc-
ing drugs, methylphenidate and atomoxetine, on participants’ 
dishonesty. We measured dishonesty using a die-rolling task 
where participants could misreport their outcomes to increase 
their earnings without risk of detection. Our findings reveal 
that, compared to the placebo condition, methylphenidate 
increased attention, improved mood, and reduced dishon-
esty. These effects are not attributable to statistical fluctua-
tions, demand effects, or domain-general mechanisms such 
as mood or attention. In addition, both individuals who use 
drugs to enhance performance and those who do not have 
limited intuitions about the impact of methylphenidate on 

Measures

The instructions for every task can be found here: ​h​t​t​p​​s​:​/​​/​
o​s​f​​.​i​​o​/​u​​v​5​k​e​​/​?​v​​i​e​w​​_​o​n​​l​y​=​​c​e​4​4​​a​2​​8​f​8​​6​d​5​4​​3​e​3​​a​5​8​​3​9​b​7​f​d​a​7​
9​a​c​b​8.

At the beginning of the study, participants were informed 
about the purpose of the prediction study, which aimed to 
investigate their estimation of the impact of a drug on the 
level of dishonesty exhibited by study participants. They 
were further informed that accurate predictions would result 
in a bonus payment of $2, and that their comprehension of 
the study would be assessed with an opportunity to earn 
$0.50 for correct answers.

Subsequently, participants were provided with informa-
tion regarding drugs which are known to enhance cognitive 
performance and attention. Although typically prescribed for 
individuals with attention-related difficulties, the use of these 
drugs has become prevalent among individuals without medi-
cal diagnoses. Specifically, participants were informed that 
the drug used in our study was Ritalin (methylphenidate). To 
facilitate understanding, we employed simplified language 
and utilized infographics to explain the randomization process 
of the drug study, the task employed to measure dishonesty (a 
coin toss task was used as a substitute for the die-rolling task), 
and the placebo condition results, which served as a reference 
value for participants’ predictions.

Finally, participants were presented with the following 
question: “Now, we want to know what you think: How did 
Ritalin affect cheating? Did participants in the Ritalin condi-
tion report less, equal, or more HEADS compared to those 
in the placebo condition? Try your best to get it right. If your 
prediction is correct, you will get a $2 bonus payment.” The 
response scale comprised five options, ranging from “Ritalin 
decreased cheating significantly compared to the Placebo con-
dition (more than a 5% point decrease in reported Heads)” 
to “Ritalin increased cheating significantly compared to the 
Placebo condition (more than a 5% point increase in reported 
Heads).” Following their estimation of methylphenidate’s 
effect on dishonesty, participants were assessed on their com-
prehension of the study procedures through a quiz.

In the final part of the prediction study, participants were 
asked about their prior use of potentially performance-
enhancing drugs in general, as well as methylphenidate 
specifically. They were asked about their primary motiva-
tions for using potentially performance-enhancing drugs, 
perceived effects, and frequency of usage, following estab-
lished protocols (Maier et al. 2018).

Data analysis

The primary dependent variable was the distribution of pre-
dictions across these five response categories. Descriptive 
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on dishonesty; methylphenidate increases striatal dopamine, 
atomoxetine not. However, drugs like methylphenidate have 
far-reaching effects on the brain and hence are less than ideal 
for testing mechanistic hypothesis about the brain.

The findings of our study may have policy implications, 
particularly regarding the use of drugs such as methylphe-
nidate and the potential paradox that arises. On one hand, 
individuals who do not have a relevant diagnosis may turn 
to drugs to enhance their cognitive performance, with the 
intention of gaining an advantage on academic tests or other 
tasks. This raises concerns about academic integrity and the 
maintenance of a level playing field in educational and pro-
fessional settings (Singh and Kelleher 2010; Ragan et al. 
2013; Bard et al. 2018). Individuals with an ADHD diagno-
sis might feel that drugs such as methylphenidate level the 
playing field, an effect that is reversed when people without 
a diagnosis also take these drugs. However, our results sug-
gest a contrasting effect of methylphenidate, as it was found 
to reduce subsequent dishonesty. This paradoxical relation-
ship between the use of drugs for performance enhancement 
and their potential impact on honesty warrants careful con-
sideration. Ultimately, the paradoxical relationship between 
drug use, enhanced performance, and increased honesty 
underscores the complexity of the issue.
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dishonest behavior. Conversely, the effects of atomoxetine 
on dishonest behavior were inconclusive, despite its ability to 
enhance attention. Therefore, our results suggest that not all 
potentially performance-enhancing drugs are likely to exert 
similar effects on dishonest behavior.

It is important to note some limitations of our research. 
First, this is the first research showing that methylphenidate 
decreases dishonesty. While our study has been adequately 
powered and our computational simulation suggests that the 
result is not due to random variation, it would be important 
to replicate this finding. Second, our study primarily aimed 
to investigate the potential unintended side effects of methyl-
phenidate on dishonesty, rather than unravelling the specific 
neural mechanisms underlying these effects. Nevertheless, 
our findings offer speculative insights into the underlying 
neural processes of dishonesty and how methylphenidate 
might influence them. During the decision-making process of 
whether to report dishonestly or not in the die-rolling task, 
participants had to weigh the costs and benefits associated 
with each option. Honesty entailed financial sacrifices, while 
dishonesty involved violating a social norm and incurring 
affective costs (Garrett et al. 2016). Methylphenidate might 
have modulated this deliberation process. Previous research 
by Westbrook and colleagues shows that methylphenidate 
enhances dopamine signals, directing attention toward the 
benefits of cognitive effort and priming individuals to invest 
effort accordingly (Westbrook et al. 2020). Without this sig-
nal, desired outcomes might not have enough motivational 
force to mobilize cognitive effort. Considering that our par-
ticipants displayed negatives attitudes toward dishonesty (see 
SI Results), it is plausible to hypothesize that methylpheni-
date enhanced the readiness to invest effort in aligning their 
actions with their values and resisting financial temptations. 
Interestingly, the effects of methylphenidate on effort invest-
ment are most likely due to its effects on striatal dopaminer-
gic activity which would also explain the lack of atomoxetine 

Fig. 3  The majority of partici-
pants did not expect methylpheni-
date to have an impact on dishon-
est behavior (27.9%). However, 
almost as many participants sus-
pected a small increase (21.3%) 
or decrease (24%) in dishonesty 
resulting from methylphenidate 
administration, while fewer 
expected a substantial increase 
(15.2%) or decrease (11.7%) in 
dishonesty. * Error bars indicate 
95% confidence interval
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