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Abstract 
The neuropeptide oxytocin (OXT) is thought to modulate important aspects of prosocial behavior. In a seminal paper from 2005, Kosfeld et al. and colleagues (2005) reported that intranasally administered OXT modulated trusting behavior in an economic trust game, with participants who received OXT, compared to those receiving placebo, sending more money to their trustees. Several attempts to conceptually replicate these findings yielded mixed results, which might be partly due to small sample sizes that However, several attempts to conceptually replicate these findings have yielded mixed results. Crucially, many OXT-trust studies were underpowered, which can bias true effect sizes and reduce the ability to detect, or reject, meaningful effects. Moreover, intranasal OXT effects have been reported to be associated with (baseline) interindividual differences in psychological traits, but such associations have primarily been uncovered in exploratory, post hoc, analyses. Here, we propose to perform a large-scale replication (N=220) of Kosfeld et al. (2005) with specific attention for small effects and subpopulations whose trusting behavior may be especially sensitive to OXT manipulations. Moreover, we will conduct the largest-ever pooled minimal effects analysis by (merging our data with data from a previous large-scale replication by Declerck et al. (2020)). Using additional (equivalence) analyses, we aim  in an attempt to refute effect sizes of OXT on interpersonal trust that will not be worthwhile pursuing in most lab-based contexts. OurThis study will contribute to a more refined understanding of OXT’s involvement in human social behavior, for example by identifying boundary conditions that will delineate when OXT-induced effects on prosocial behavior may occur. Critically, we anticipate that our work will offer a more realistic perspective on the effect sizes that can be expected when using intranasal OXT to modulate prosocial behavior, which is relevant to OXT research more generally.
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Introduction
The hormone oxytocin (OXT) is a nine amino acid neuropeptide that is mainly synthesized in the hypothalamus and that acts both centrally and peripherally1,2. In both the biological and social sciences, it has been extensively linked to human social behavior3-5. For example, its role in labor6,7 and lactation8,9 is well established, and it is further linked to parent-infant10,11 and romantic12 bonding. More recently, OXT has garnered considerable interest for its purported involvement in complex social cognition and behavior13-15, including empathy16,17, altruism18,19, and emotion recognition20,21, which have all contributed to OXT’s increasing reputation as the ‘prosocial hormone’22. This idea is further fueled by recent studies that have revealed how administration of intranasal, synthetic, OXT modulates the neural correlates of these complex social behaviors, including interpersonal trust, social value representation, and perspective-taking5,23,24. Moreover, intranasal administration of OXT has been shown to impact neural activation more generally associated with appetitive and/or aversive processes (e.g., salience attribution, representing reward value, and valence) in the brain’s canonical reward network, including ventral striatum, ventromedial prefrontal cortex, and ventral tegmental area23,25-28. Together, these results have sparked a wave of clinical, e.g.,2,29,30, and non-clinical, e.g.,3,4,31, research studies that have used intranasally administered OXT to influence various aspects of social behavior32.
One aspect of social behavior that has received particular interest in relation to OXT is interpersonal trust, e.g.,3,4,33, a psychological state that entails the risk to be exploited weighted against expectations of other’s prosocial behavior34. On a behavioral level, an established instrument to measure interpersonal trust is the trust or investment game35,36. This game is typically played in dyads, where one player is assigned the role of investor, and the other the role of trustee. The investor receives an initial endowment and decides how much of it, if any, to send to the trustee. This sent amount is tripled and added to the initial endowment of the trustee, who then decides how much, if any, to send back to the investor. Since the investor cannot be certain about any back-transfers, the process of investing money represents the investor’s willingness to accept the risk of being exploited weighted against expectations of the trustee’s prosocial behavior (i.e., the amount sent back), which is interpreted as a proxy of trusting behavior35.
In a seminal paper from 2005, Kosfeld and colleagues3 reported that intranasally administered OXT modulated the degree to which humans trust each other during the trust game. Specifically, investors who received intranasal OXT sent more money to trustees than investors who received a placebo nose spray. Several attempts to conceptually replicate these findings using different designs (e.g., playing with a real vs. computerized trustee, within- vs. between-subjects), and set-ups (e.g., magnetic resonance imaging vs. behavior only) have led to mixed results, e.g.,23,33,37,38. The reported findings range from a trust increase, to no effect, to a trust decrease following OXT administration39, suggesting that the effect is less robust than originally assumed37,39,40.
Crucially, the original study as well as many of the replication studies that ensued were underpowered39,;40. If only studies with Ssmall sample sizes that happen to achieve statistical significance are published, which can only happen when the effect size is large, i.e., under publication bias41 are known to bias true effect sizes41, which may, at least partially, account for the conflicting findings22. Previous results may also be biased due to a disproportionate ratio of published significant null results, biased effect estimates can arise (i.e., publication bias42). Both factors (low sample sizes, publication bias) make meta-analyses prone to effect size inflation, which should therefore be interpreted with caution423,434.
In light of the mixed results, well-powered replications are crucial, and should ideally be conducted with methods that closely match those employed in the original studies445, and make materials and results publicly available456. Moreover, sufficiently large sample sizes can help differentiate between true null effects and significant effects that are too small to be considered meaningful (e.g., when using equivalence testing467). For example, Quintana478 used equivalence testing to show that more than 25% of non-significant meta-analytic effects were a consequence of data insensitivity, rather than true equivalence between OXT and placebo groups. These observations fit with the idea that many previous intranasal OXT studies could not reliably detect or reject meaningful effects423.
Recent work has started to address these important issues. Declerck et al.4 conducted a pre-registered, well powered, replication study of Kosfeld et al.3, which aimed to replicate the effects of intranasal OXT on interpersonal trust in a sample of 667 participants4. These participants were randomized to a minimal social contact condition, in which they could talk to their potential game partners before the start of the experiment and that matches the respective condition used in the original study by Kosfeld et al.3 (n=326), as well as a no-social-contact group in which participants were not allowed to engage with each other before the trust game. Importantly, as hypothesized, intranasal OXT, compared to a placebo, did not increase interpersonal trust in either of these conditions.
Although the results of this study cast doubt on the notion that intranasal OXT administration has substantial effects on interpersonal trust, there is the possibility that OXT may have a smaller effect, perhaps limited to particular subpopulations. For example, a non-preregistered follow-up analysis by Declerck et al.4 suggested that OXT increased trust in a subsample of participants with a low disposition to trust, measured using a validated self-report questionnaire36. Moreover, effects of intranasal OXT on prosocial behavior, and associated neural correlates, have also been reported to be associated with interindividual (trait) differences in self-regarding vs. other-regarding attitudes (e.g., social value orientation5). Such interindividual differences likely are not restricted to traits that are important in social contexts: in a host of other studies, the effects of intranasal OXT have been reported to be mediated by interindividual variation in more general reward/approach and punishment/avoid tendencies (e.g., behavioral activation and inhibition systems, or sensitivity to rewards and punishments489-512). These observations align with the idea that OXT might also modulate more domain-general reward sensitivity and associative learning capacities across a wide range of paradigms, perhaps reflecting an increase in sensitivity to positive non-social outcomes26,27,523-545. Additionally, these observations might follow from the basic premise of the trust game35, where investors may be tempted to exhibit potential trusting behavior (i.e., investing) because they can earn greater monetary rewards when their trust is reciprocated. Indeed, Mislin and colleagues556 reported that during the investment game, higher possible rewards may increase the likelihood of trusting behavior, fitting well with neurobiological studies that have demonstrated reward-related activation during investment games567,578. Thus, OXT effects on interpersonal trust may be dependent on socially specific and more general individual psychological differences. This is in line with the importance of considering heterogeneity in study populations to establish comprehensive explanations of potential causal mechanisms58.
The discussed considerations, most notably the growing skepticism regarding OXT effects in the context of social behavior, e.g.,39, clearly indicate the need for further transparent investigation and replication of intranasal OXT studies using a sufficiently large sample size and applying proper statistical techniques to improve interpretability such as equivalence testing to more reliably detect or reject meaningful effects46 , (e.g.,39,40,445). Furthermore, the role of individual trait differences such as baseline trust levels or baseline sensitivity to potential rewards should be additionally considered, e.g.,4,59,60, and expectations regarding their role should ideally be pre-registered in order to limit the possibility that such associations are identified based on exploratory post hoc analyses.
We propose to perform a large-scale pre-registered replication study of the seminal study by Kosfeld et al.3, with additional attention for subpopulations whose behavior may be especially sensitive to OXT. In line with previous replication attempts, e.g.,4,39,40 we do not expect to find significant differences between OXT and placebo in overall investments in the trust game (Hhypothesis 1a). Even if, contrary to the prediction, we would observe a significant difference between the OXT and placebo group, we expect it to be significantly smaller than a predefined effect size of interest467 (Hhypothesis 1b). Next, regarding the role of individual differences, we expect the effect of OXT on investments to decrease with increasing trust propensity of the participants (Hhypothesis 2). Further, we expect the effect of OXT on investments to decrease with increasing reward sensitivity and decreasing punishment sensitivity (Hhypothesis 3), reflecting a trust-enhancing effect of OXT in individuals with lower behavioral activation tendencies or higher behavioral inhibition tendencies. Lastly, we will capitalize on the publicly available data from a previous large-scale replication that used a similar design, by pooling the our to-be-collected data with the data from Declerck et al.’s minimal social contact condition61 to increase power to find a small effect of OXT on intrapersonal trust. To achieve this, we will re-run Hhypothesis 1 using this combined dataset (we refer to this as “pooled analysis”).


Methods and Materials
Study design
As reverting to the original study design used by Kosfeld and colleagues3 would drastically reduce statistical power, we will base our study design and trust game structure on the recent large-scale replication by Declerck et al.4. The study will consist of two sessions. During session 1, all 220 participants (see Participants section below for details) will complete several questionnaires online within a pre-defined time interval. During session 2, a randomized double-blind placebo-controlled between-subjects design (OXT vs. placebo) will be implemented to assess the effect of OXT on interpersonal trust, where half of the participants will be randomized to placebo, and the other half to OXT (between-subjects randomization: treatment; main randomization factor, 50:50 whenever possible). During each session 2, 12-24 participants per session will make decisions in the investment game. Each participant will be randomly paired with two other participants with whom they will interact in the trust game. All participants will make two decisions in the investment game, first in the role of an investor, and then in the role of a trustee. In each role they will be matched with a different other participant in the opposite role, in line with a recent large-scale replication study4; see Figure 1a for a visual representation of player roles and transfers. Importantly, participants will make their first decision as investor without being aware that they will make a second decision in the role of a trustee. This design guarantees that behavior as investor cannot be affected by anticipated own behavior and beliefs about other investors’ behavior when acting as trustee. The random number generation in Excel will be used for randomization to treatment and interaction partners.
Trust game
Initially, every participant will receive both general and specific investor instructions (see Appendix A), containing written detailed step-by-step numeric examples of possible transfers in the trust game. Participants will be informed that they will be matched with another participant in the role of trustee. They will be endowed with 12 experimental money units (EMU) and will be asked to invest either 0, 4, 8, or 12 EMU into the joint project with their trustee. This investment will be the primary outcome variable and a proxy of interpersonal trust35. Participants will be informed that their invested amount will be tripled before it is sent to their trustee and that their trustee can send back (back-transfer) any share of their new EMU holdings. After participants have made the investment, they will be asked to indicate how much back-transfer they expect from their trustee. They will not be informed about the actual back-transfer they received at this stage. Next, all participants receive trustee instructions (see Appendix B) including detailed step-by-step numeric examples of possible transfers during the trust game and are, again, endowed with 12 EMUs. They will be truthfully informed that another investor (who has not been their matched trustee when deciding as investor) had invested money in their joint project, and this (tripled) investment will be added to their initial trustee endowment. Subsequently, the participants will be asked to back-transfer any integer amount of their new EMU holdings to their investor.
Then, participants will be informed about the back-transfer that they have received from their associated trustee. Finally, their total payoff will be displayed to them. This total payoff will be the sum of the individual payoffs they received in either player role. In the role of the investor, their payoff will be the initial endowment of 12 EMU minus the investment to the trustee plus the back-transfer from the trustee. In the role of the trustee, their payoff will be the initial endowment of 12 EMU plus the tripled investment from the investor minus the back-transfer to the investor. An example of transfer logic and payoff is visualized in Figure 1a.
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Figure 1. Trust game details. a: Example of transfer logic and payoff structure with n players. Arrows depict direction of transfer, I refers to investment, B refers to back-transfer from the corresponding player. The investment amount in brackets refers to the tripled initial investment that is received by the trustee. In each role, participants are initially endowed with 12 EMU. In the example, player x1 would receive an individual payoff in of 12 EMU – 2 EMU + 4 EMU as investor plus an individual payoff of 12 EMU + 24 EMU – 20 EMU as trustee, which would sum up to a total payoff of 30 EMU, depicted in bold letters. b: Distribution of initial investments in the placebo condition from pilot data (n=9).
At the end of the session, earned EMU will be exchanged to € (with one EMU being worth €0.75) and paid out by bank transfer. Participants will be informed about this in the instructions. The trust game will be programmed in oTree62, with the script made available via the Open Science Framework (OSF).
Participants
We will recruit 220 participants (n=110 randomized to placebo, n=110 randomized to OXT) aged 18-32, using subject pools available at Maastricht University and via online study advertisement. All participants will take part in the two sessions described under Study design.
A sample size of N=220 is considerably larger than the one collected by Kosfeld et al.3, who conducted their key analysis on a sample of 29 vs.ersus 29 investors on/off OXT. Importantly, and in contrast to other OXY-trust studies, we base our sample size on an a priori simulation power analysis. To this end, we used Figure 2a from the original Kosfeld et al.3 publication to extract the probabilities of choosing the different investment amounts. Here, two things are noteworthy. Firstly, due to the design specifics of Kosfeld et al.3, the reported values in Figure 2a are mean investments over four rounds of the trust game. Secondly, as noted by Calin-Jagermann and Cumming632, the bar heights for the placebo group in the figure sum up to less participants than reported in the text, which they suspect (and we confirmed by changing the background color of the pdf) to result from a clipped or misprinted aspect of the figure. They imputed three additional scores of a mean investment of 10 in the control group, which yielded a dataset that could reproduce all statistics reported by Kosfeld and colleagues3.
We used the publicly available reconstructed dataset by Calin-Jagermann and Cumming643 for probability extraction. To derive probabilities for the investment amounts of 0, 4, 8, and 12 experimental money units (EMU), we collapsed probabilities in line with Kosfeld et al.3 such that the probability of an investment of 0 consisted of the probabilities of (rounded) mean investments of 0, 1, 2, and 3; 4 consisted of 4, 5, 6, and 7; 8 consisted of 8, 9, 10, and 11; and 12 of only 12 due to its high frequency in the original study3.
In light of our main hypothesis (Hypothesis 1) – that is, the hypothesis pertaining to monetary investment on/off OXT – we extracted probabilities from both the OXT and placebo condition of Kosfeld et al.3 and simulated 1000 random data sets to derive the empirical power for detecting a significant group difference based on an ordinal logistic regression (OLR) model, fitted using the polr() function from the MASS654 package in R665. We chose an OLR because our dependent variable (investments) has only four levels (0, 4, 8, and 12) and the (subjectively perceived) difference between those investment values may not be equal across individuals. Using the reported probabilities from Kosfeld et al.3, and with α set to .02 (testing one-sided; i.e., greater monetary investments on OXT compared to placebo), a sample of 220 participants would yield a power of .99 to detect an increase in monetary investments (i.e., interpersonal trust) following OXT administration. Applying the packages brant676 and nnet654, we found an average rejection rate of the proportional odds assumption of .12 in this approach, which we deem acceptably low.
Critically, however, mixed results from previous OXT-trust studies suggest that the true effect regarding an increase in interpersonal trust following OXT administration, e.g., 4,37,39 is smaller than the effect size of Cohen’s d of .51 (corresponding to an odds ratio of approximately 2.521687) reported in the original study by Kosfeld et al.3. One reason for a smaller true effect size could lie in the details of the paradigm, which leads to skewed investment distributions. Specifically, approximately 55% of participants in the original study3, and almost 80% in a recent replication study4, invested 8 or the maximum of 12 EMU in the placebo condition, which substantially decreases the power to detect any trust-enhancing (i.e., greater investments) effect of OXT.
If the true effect was indeed smaller than the one reported in Kosfeld3, all studies conducted to date would be severely underpowered. We propose a way to partly compensate for this problem by combining our data with the minimal social condition sample from a previous replication study with publicly available data61 (n=326; Pooled analysis). We used extracted probabilities for the placebo condition from Kosfeld et al.3 and assumed a more reasonable true minimal effect size, a Cohen’s d =.2, which would translate to an odds ratio of 1.44687. We further believe that demonstrating an effect size smaller than d=.2 is infeasible in most human lab studies. For instance, a Cohen’s d of .1 would require a sample size of around 2500. Next, we again simulated 1000 random datasets to derive power. Using the proposed study design (see below), and with α set to .05 (testing one-sided), a combined sample of N=546 (220 participants collected as part of this pre-registration) would yield a power of .8 to detect an increase in interpersonal trust following OXT administration. Lowering α to .02 (again, one-tailed) would still yield a power of about .68.
As opposed to the power simulation for the main hypothesis, the power simulation for the treatment-by-trait score interaction hypotheses is more challenging, primarily because we do not have reliable priors for data simulation. The only well-powered study to date that examined an interaction between OXT (vs. placebo) and trust propensity on investments is the recent replication by Declerck and colleagues4. Moreover, to our knowledge, there are no well-powered datasets to conduct an informed power analysis for interactions with sensitivity to reward and punishment. We therefore chose to report a power spectrum analysis for Hypotheses 2 and 3 by estimating the power for a range of (treatment-by-trait) interaction effect sizes, in line with previous work from Quintana69. To this end, we simulated the power for a range of differences in odds ratios for the treatment effect (i.e., OXT vs. placebo effect on investments) between people that score high vs. people that score low on the trait.
Similar to the main power analysis, we used the investment probabilities of the placebo condition from Kosfeld et al.3 as a starting point to simulate investment probabilities for people who score low, compared to people who score high on a hypothetical trait that may reflect trust propensity, sensitivity to punishment, or reward (for simplicity, a median split is used to create low versus high trait groups). Next, we simulated 1000 random datasets to derive our power for each unique combination of a difference in the treatment effect (odds ratio of 1=very small, odds ratio of 6=very large) for the low and high score trait groups. With alpha set to .02, we obtain the power spectrum results as presented in Figure 3.
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Figure 3. Power spectrum analysis for interaction hypotheses 2 and 3. Values of 1-6 horizontally and vertically to the matrix depict the odds ratios of the treatment effect (i.e., investments on OXT vs. placebo), one for the low and one for the high trait group. Values within the matrix refer to the power to detect a treatment-by-trait interaction in the model of investments, which thus depends on the magnitude of the difference in the treatment group for the high vs. low trait group. For instance, if there would be a treatment effect of odds ratio=1 in one group, and a treatment effect of odds ratio=5 in the other group, we would obtain a power of .7 to detect a treatment-by-trait interaction on investments.
As expected, this analysis demonstrates that the power to detect a significant interaction depends on the magnitude of the difference of the treatment effect for individuals who score high, compared to individuals who score low, on the trait. With our planned sample size of N=220, only large differences in the odds ratio would yield sufficient power to detect a treatment-by-trait interaction on investments. Importantly, this is not an entirely unrealistic situation: Let us assume that approximately 50% of individuals score low and 50% score high on a trait and take into account that Declerck et al. (2020) reported that the effect of oxytocin on investments diminishes with higher dispositional trust ratings. Consequently, to retrieve the effect reported in Kosfeld et al.3, i.e., an effect size of Cohen’s d of .51 which approximately translates to an odds ratio of 2.5268, the discrepancies between odds ratios in the two groups would have to be large.
[bookmark: move11725789611111111111111111]Strictly in line with Kosfeld et al.3, recruitment will be limited to male participants. When using the present experimental design for a different population, it should be kept in mind that OXT administration can induce uterine pose a potential issue of concern during pregnancy. Other exclusion criteria in line with Declerck et al.4 will be a lifetime diagnosis of a DSM-V psychiatric (including substance dependence and abuse) or neurological disorder, current treatment by a psychologist or psychiatrist for mental health-related problems, and current use of psychoactive medication for mental health-related problems, that is, antidepressants, antipsychotics, benzodiazepines, anxiety medication, neuroleptics, anticonvulsants, and stimulants. Further, participants who are allergic to latex will be excluded70. Participants will be screened on these criteria via a digital screening form. To minimize side effects associated with OXT-induced urinary retention, a consumption maximum of 1 liter of water or other liquids 2 hours before session 2 will be required. In case participants fail to adhere to this rule, they will be rescheduled for a later session. Participants who fail the water consumption guidelines on two separate occasions or who fail twice to complete session 1 (i.e., after rescheduling), will be excluded from further participation. Those who fail to complete the investment paradigm, report to have severe nose obstruction on the day of the experiment, or did not comply with rules abstaining from alcohol, non-prescription drugs, and smoking (see Experimental procedure) will be excluded from data analysis. Recruitment will continue until 220 participants have successfully completed session 1 and 2. If a sufficient amount of participants cannot be recruited in the Maastricht region, further sessions will be run in labs at other universities.
Approval of the study will be obtained from the Maastricht University/Maastricht Academic Medical Ethics Committee and participants will provide written informed consent prior to starting session 1. They will be reimbursed with a flat fee of €20 plus their earnings from the trust game, which range from €0 to €72 depending on their behavior, and their earnings from an additional generalized dictator game, which range from €0 to €10.
Study design
As reverting to the original study design used by Kosfeld and colleagues3 would drastically reduce statistical power, we will base our study design and trust game structure on the recent large-scale replication by Declerck et al.4. The study will consist of two sessions. During session 1, participants will complete several questionnaires online. During session 2, a randomized double-blind placebo-controlled between-subjects design (OXT vs. placebo) will be implemented to assess the effect of OXT on interpersonal trust. Between 12-24 participants per session will make decisions in the investment game during each session 2. Half of all participants in a session will be randomized to OXT, the other half to placebo (between-subjects randomization: treatment; main randomization factor; 50:50 whenever possible). Each participant will be randomly paired with two other participants with whom they will interact in the trust game. All participants will make two decisions in the investment game, first in the role of an investor, and then in the role of a trustee. In each role they will be matched with a different other participant in the opposite role, in line with a recent large-scale replication study4; see Figure 1a for a visual representation of player roles and transfers. Importantly, participants will make their first decision as investor without being aware that they will make a second decision in the role of a trustee. This design guarantees that behavior as investor cannot be affected by anticipated own behavior and beliefs about other investors’ behavior when acting as trustee. The random number generation in Excel will be used for randomization to treatment and interaction partners.
Trust game
Initially, every participant will receive both general and specific investor instructions (see Appendix A), containing written detailed step-by-step numeric examples of possible transfers in the trust game. Participants will be informed that they will be matched with another participant in the role of trustee. They will be endowed with 12 EMU and will be asked to invest either 0, 4, 8, or 12 EMU into the joint project with their trustee. This investment will be the primary outcome variable and a proxy of interpersonal trust35. Participants will be informed that their invested amount will be tripled before it is sent to their trustee and that their trustee can send back (back-transfer) any share of their new EMU holdings. After participants will have made the investment, they will be asked to indicate how much back-transfer they expect from their trustee. They will not be informed about the actual back-transfer they received at this stage. Next, all participants receive trustee instructions (see Appendix B) including detailed step-by-step numeric examples of possible transfers during the trust game and are, again, endowed with 12 EMUs. They will be truthfully informed that another investor (who has not been their matched trustee when deciding as investor) had invested money in their joint project, and this (tripled) investment will be added to their initial trustee endowment. Subsequently, the participants will be asked to back-transfer any integer amount of their new EMU holdings to their investor. 
Then, participants will be informed about the back-transfer that they have received from their associated trustee. Finally, their total payoff will be displayed to them. This total payoff will be the sum of the individual payoffs they received in either player role. In the role of the investor, their payoff will be the initial endowment of 12 EMU minus the investment to the trustee plus the back-transfer from the trustee. In the role of the trustee, their payoff will be the initial endowment of 12 EMU plus the tripled investment from the investor minus the back-transfer to the investor. An example of transfer logic and payoff is visualized in Figure 1a. 
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Figure 1. Trust game details. a: Example of transfer logic and payoff structure with n players. Arrows depict direction of transfer, I refers to investment, B refers to back-transfer from the corresponding player. The investment amount in brackets refers to the tripled initial investment that is received by the trustee. In each role, participants are initially endowed with 12 EMU. In the example, player x1 would receive an individual payoff in of 12 EMU – 2 EMU + 4 EMU as investor plus an individual payoff of 12 EMU + 24 EMU – 20 EMU as trustee, which would sum up to a total payoff of 30 EMU, depicted in bold letters. b: Distribution of initial investments in the placebo condition from pilot data (n=9).
At the end of the session, earned EMU will be exchanged to € (with one EMU being worth €0.75) and paid out by bank transfer. Participants will be informed about this in the instructions. The trust game will be programmed in oTree69, with the script made available via the Open Science Framework (OSF).
Oxytocin administration
Synthetically produced OXT, administered non-invasively via a nose spray, will be used to temporarily manipulate OXT levels. In previous research, it has been assumed that intranasal administration of OXT crosses the blood-brain barrier via a layer of cells in the nasal cavity epithelium, where it can travel cross over to the hypothalamus1, thereby exerting central nervous system effects. However, a recent review710 suggests that intranasally administered OXT may primarily exert its central effects via the nose-to-brain route, rather than crossing the blood-brain barrier. Even though direct confirmation of this route in humans is yet to be established, evidence suggests that intranasally administered OXT can reach the central compartment721 via diffusion-mediated transport, and can then bind to OXT receptors throughout the brain732.
In line with previous work4,743,754 and the original study3, participants in the OXT treatment group (n=110) will receive a commonly-used dose of 24 I/U of Syntocinon (brand name) in 6 puffs (three per nostril) or an equivalent number of puffs of a hypotonic saline, placebo, spray with similar ingredients but no OXT. Although previous studies have reported dose-dependent effects of OXT on psychological measures76, consistent with the original study by Kosfeld et al.3, and for feasibility reasons, we use a single dose of 24 I/U here. Administration will be performed strictly in line with the recommendations and guidelines provided in775, including standardized demonstration, test puff, and visual inspection by the experimenter. Syntocinon has a relatively short-lived pharmacokinetic profile with concentrations of OXT peaking between 30-90 minutes post-administration; it is subsequently cleared rapidly from the body and not detectable around 150 minutes post-administration31. The trust game will therefore be completed during the OXT peak at 50 minutes post-administration in line with the original study3.
Experimental procedure
Our experimental procedure will be partially based on the replication by Declerck and colleagues4, with adjustments made to serve the purpose of our study. Specifically, compared to the replication study by Declerck et al.4, the current replication effort differs in terms of questionnaires (omission of some questionnaires that did not directly address objectives of the current study; addition of questionnaires, most notably the SPSRQ-RC78 for testing our third hypothesis), reimbursement (guaranteed payout of all trust game decisions to increase fairness, as opposed to only guaranteed payout of investor decision in Declerck et al.4), the collection of saliva samples (for intended analysis of hormonal markers), and the addition of a generalized dictator game79 in session 2, of which participants will not be aware when playing the trust game.
Prior to starting session 1, participants will receive a screening form assessing all study exclusion criteria (see Participants). Eligible participants will provide written informed consent and afterwards receive a secure Qualtrics link to complete session 1. In this session, they will complete a battery of questionnaires assessing traits, states, and other subjective experiences (an overview of all questionnaires used can be found in Table 1).
	Variable
	Questionnaire

	Dispositional trust
	Inclusive Generalised Trust Scale (IGTS36)

	Sensitivity to punishment and rewards
	Sensitivity to Punishment and Reward Questionnaire – Revised and Clarified (SPSRQ-RC786)

	Chronic nasal obstruction
	Nasal Obstruction Symptom scale (NOSE8077)

	Social skills and competencies
	Autism Spectrum Quotient 10 scale (AQ108178)

	Social value orientation
	Triple dominance measure for social value orientation (SVO82)

	Optimism
	Life Orientation Test – Revised (LOTR8379)

	Various types of impulsiveness and inattentiveness
	Abbreviated Impulsiveness Scale (ABIS840)



Table 1. Self-reported symptoms and traits assessed during session 1. Questionnaires will be presented randomized at the individual level.
Baseline measures of dispositional trust and sensitivity to punishment and rewards will be used when testing our registered hypotheses, with levels of chronic nasal obstruction (NOSE80) as a covariate, whereas the remaining measures will serve as moderators in potential further exploratory analyses.
Participants will have a maximum of two attempts to complete session 1 at least three days before the start of session 2 (i.e., one first attempt, and a second and final attempt in case attempt 1 failed for any reason).
Session 2 will take place in the laboratory and last a maximum of 2 hours. Upon arrival at the lab, participants will first indicate compliance with the water consumption guidelines. In case of positive compliance, they will be randomly allocated to a sight-shielded cubicle with a laptop. When seated they will complete a multidimensional mood state questionnaire (MDBF851) to assess momentary mood states and side effects. Next, two saliva samples will be collected, the first one using Sarstedt Salivette cotton swabs, the second one using Oragene Discover OGR-500 kits (DNA Genotek; DNA will be extracted using prepIT•L2P reagent (DNA Genotek) and quantified with PicoGreen (Quant-iT PicoGreen dsDNA Assay Kit, Thermo Fisher Scientific). Participants then receive standardized verbal and written OXT self-administration instructions (see Appendix C) according to775 and the experimenter will demonstrate the use of the nasal spray.
Subsequently, participants self-administer the nose spray using a metered finger spray, under the supervision of trained experimenters, and rate the spray administration discomfort. They are not informed about any potential effects of OXT on prosocial behavior since this would reveal the purpose of this experiment. In order to fill the waiting time until peak OXT concentrations, participants will complete the Extraversion scale of the HEXACO-100862 to assess extraversion and social competencies, and the Negative reciprocity subscale of the Global Preferences Scale873 to assess inclination to negative reciprocity, and the Physiological Arousal Questionnaire (PAQ88) to assess momentary arousal (with order randomized at the individual level). After completion of these questionnaires, participants will be directed from their cubicles to a common room and will be instructed that they can now to talk to each other quietly, in order to establish minimal social contact as in the original study3. To ensure that all participants will have minimal social contact with each other and that communication is similar in all sessions, this minimal social contact part will be structured (that is, participants will receive a neutral topic to talk about in smaller, rotating subgroups). They will stay together in the common room for 10 minutes. At the end of this meeting, they will also fill out the Physiological Arousal Questionnaire (PAQ84) to assess momentary arousal as well as the MDBF81 once more. After that, they will be guided back to their cubicles. Here, they will receive standardized investment game instructions including a detailed example to foster their understanding of the game (see Appendices A and B). HereThereafter, participants will fill out the MDBF85 once more and provide another saliva sample, collected using Sarstedt Salivette cotton swabs. Thereafter, they will receive standardized investment game instructions including a detailed example to foster their understanding of the game (see Appendices A and B). Fifty minutes post-administration of OXT, they will make choices in the two previously described decision cycles of the trust game (see Trust game).
After finishing the trust game, participants will again complete the MDBF851 and provide a final saliva sample using Sarstedt Salivette cotton swabs. Next, participants will receive standardized instructions for the graphical version of the generalized dictator game7985 and make choices in two practice dictator game decision problems. They will then complete 50 decision problems of the dictator game (i.e., divide an endowment between themselves and a randomly chosen receiver) to assess social preferences. Payoffs will be determined in line with Fisman et al.7985; that is, the experimental program will randomly select one of the 50 decision problems and payments will be according to the allocation made in the selected problem.
At the end of session 2, participants will rate whether they think they have received OXT or placebo. In line with Declerck et al.4, participants will additionally be asked how connected they felt to their trustee using the Inclusion of the Other and the Self (IOS) scale896. Next, they will report whether any friends or acquaintances were among the other participants, whether they have previously participated in a similar experiment, how well they understood the instructions of both games, the extent to which they think the instruction of the games were truthful, and whether they abstained from alcohol, non-prescription drugs, and smoking more than 20 cigarettes 12 hours prior to session 2. Lastly, participants will rate their current nose obstruction on a scale from 0 (incredibly clear) to 10 (incredibly blocked). A score of >8 will be considered as severe nasal obstruction90. They will then fill in a digital reimbursement form and will be dismissed.
Statistical analyses
	Statistical analyses will be performed using R version 4.2.23665. We do not expect missing values for investments since this will be the primary outcome measure, and a failure to collect these data will lead to exclusion from the study. Further, given the nature of the primary outcome variable with only four possible levels (0,4,8,12), there is no possibility for a single value to deviate strongly from the bulk of distribution and hence, there is no need to define and remove outliers.
First, Vvisual inspection of floor and ceiling effects will be performed as quality checks. A floor effect (i.e., no investment made in the placebo condition is frequent) would be undesirable, but not unproblematic, since our directional, one-sided, hypotheses predicts an increase, not a decrease, of interpersonal trust after OXT administration. In contrast, a ceiling effect (i.e., the highest investment is chosen frequently in the placebo condition), would decrease the power to detect an effect of OXT on investments. We will report the distribution of investments and formally evaluate the presence of a ceiling effect using the proportional odds assumption65,67, i.e., that the effect of an independent variable is constant for each increase in the level of the response (here, investment levels). In case of the presence of a ceiling effect based on this criterion (brant67 and nnet65 test reveal a p ≤ .05), we will conduct three separate binary logistic (BL) models, comparing the individual investments (I: 0=0 and 4/8/12=1; II: 0/4=0 and 8/12=1; III: 0/4/8=0 and 12=1) between the OXT and the placebo group (see Hypothesis 1a). will take potential ceiling effects into account in our statistical analyses Pilot data collected between January and June 2021 from a total of 16 participants (n=9 in the placebo group) did not reveal visual floor or ceiling effects (see Figure 1b).
IGTS scores will be calculated by taking the mean of the nine items, measured on a 7-point Likert scale. The reliability of the IGTS has been found to be acceptable (α=.83 in a population of 600 non-student residents between 20-59 years with an approximately equal sex ratio for each 10-year age cluster who were living in a wealthy neighborhood in Japan) and the scale correlates moderately with behavioral measures of trustworthiness (r=.25) and trust (r=.29)36. SPSRQ-RC scores will be measured using 20 items scored on a 5-point Likert scale; odd item scores will be summed to create a sensitivity to punishment (SP) score, even item scores will be summed to create a sensitivity to reward (SR) score. The reliability of both subscales is acceptable (α=.86 for the SP subscale, and α=.82 for the SR subscale in a population of 796 participants between 18-54 years (71% female) that were enrolled in courses at a large East Coast university in the United States786). NOSE scores will be measured over five items on a 5-point Likert scale (ranging from 0 to 4), summed, and multiplied by 5 to allow for a range of scores between 0 and 100. These scores are used to categorize mild (range 5-25), moderate (range 30-50), severe (range 55-75), or extreme (range 80-100) nasal obstruction8077. Missing questionnaire scores will be treated as missing values in regression analyses, and the respective participants will be omitted from analyses that involve the particular questionnaire.
Descriptive statistics will include the number of participants per condition (OXT vs. placebo) as well as the mean and SD of the IGTS36 and SPSRQ-RC786 scores, and the frequency of nasal obstruction levels8077.
Statistical tests will be considered significant at p < .025 for our replication analyses (Hypotheses 1-3), and p<.05 for our pooled analysis. For the latter, we deviate from the stricter threshold since we aim to balance specificity and sensitivity for our analysis; maintaining an alpha of .02 would necessitate a sample size that exceeds our data collection capacity. For example, detecting a small effect size of Cohen’s d=.2 for our pooled analysis, would require around 850 participants with a power .8 and alpha .02.and supplemented We will supplement the test statistics with Partial Eta Squared values (ηp2) as a measure of effect size (ηp2 of .01 indicates small effects, ηp2 of .06 medium effects, and ηp2 of equal to or greater than .14 large effects). When testing our registered hypothesis, we will not additionally correct for multiple comparisons since we are using a stricter threshold alpha of .02 for all replication-related hypothesis testing. This alpha of .02 is close to a Bonferroni-corrected alpha of .05, corrected for the number of hypotheses.  In any exploratory analyses, we will correct for multiple comparisons and report uncorrected and corrected test results.
Hypothesis 1a
To investigate if investors on OXT, compared to placebo, do not significantly invest more money in trustees (dependent variable), the data will first be (visually) explored using summary statistics and frequency tables as well as distribution characteristics. To formally test the hypothesis, an OLR model will be conducted with investment levels as dependent variable and the OXT condition as independent variable (value equals 1 when on OXT and 0 when placebo). Levels of nasal obstruction (NOSE8077) will be included as a covariate that could potentially limit the impact of intranasal OXT administration4. The analysis will be performed using the MASS package654 implemented in R665. If the proportional odds assumption of the OLR model is violated, we will conduct and report the results of three separate binary logistic (BL) models (I: 0=0 and 4/8/12=1; II: 0/4=0 and 8/12=1; III: 0/4/8=0 and 12=1) with no correction for post hoc comparisons. If there is no (statistically significant) effect of OXT, the odds ratios will not differ significantly from 1.
Hypothesis 1b
Hypothesis 1a will be supplemented with equivalence testing using the TOSTER package9187 implemented in R665. Here, the aim is to assess, in the event that the OXT group, relative to placebo group, shows a significant increase in monetary investments, whether OXT’s effect on interpersonal trust is large enough to be considered a meaningful psychological finding40,478. We will set Simonsohn88. Here, the bounds of the equivalence interval will be set to the effect size that the original studywould have 33% power to detect. Consequently, the upper bound (ΔU) will be set to d=.33, and the lower bound (ΔL) will be set to d=-.33 (testing one-sided). Although at first glance this may seem like a rather wide range, it is not our aim to demonstrate equivalence for the smallest possible effect sizes. Rather, we aim to demonstrate equivalence for a range of effect sizes that are smaller than effect sizes commonly encountered in psychological research92. Moreover, this effect size is in the range of the mean effect size reported by previous studies that have examined OXT’s effects in trust-related contexts93-95. 
In case the effect of OXT on investments falls within the range of the upper and lower bound, the placebo and OXT treatment group will be considered equivalent. We will interpret this result to imply that OXT effects on interpersonal trust in the context of standard lab-based psychological experiments are not worthwhile pursuing.  In case the 90% confidence interval of the effect of OXT on investments falls within the range of the upper and lower bound of the pre-defined interval, we have evidence to conclude that the OXT and placebo group are equivalent (where equivalence would imply that the OXT effect is not meaningful enough to further pursue in lab-based studies). 
Hypothesis 2
	To investigate if the effect of OXT on investments (dependent variable) decreases with increasing trust propensity, Hhypothesis 1a will be re-run with IGTS scores36 as an additional interaction factor. In contrast to a median split on IGTS that was used in a previous replication4, this variable will be treated as continuous in the present study.
Hypothesis 3
To investigate if the effect of OXT on investments (dependent variable) decreases with increasing reward sensitivity or decreasing punishment sensitivity, the same approach as for Hhypothesis 2 will be used, where IGTS values will be replaced with (z-scored) even and odd sum scores of the SPSRQ-RC values786.
Pooled analysis
	To investigate if investors on OXT, compared to placebo, do not significantly invest more money in trustees (dependent variable) in a pooled sample of our proposed sample and Declerck et al.’s minimal social condition sample61, the same analysis as in Hhypothesis 1 will be conducted. Equivalence testing (Hypothesis 1b) will also be repeated in this larger sample.
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Appendix A
General and specific investor trust game instructions (based on Declerck et al.4 and adjusted to the purpose of this study)

General instructions

You are now participating in a scientific study. 

If you read the following instructions carefully, you can earn money, depending on your decisions and those of other participants. For this reason, it is very important that you read these instructions carefully.

Please note that you are not permitted to communicate with other participants in any way during this study. Should you have any questions, please raise your hand to and one of us will come to you to answer your questions in private.
During the study, your income will be calculated in Experimental Money Units (EMU). At the end of the experiment, your EMU earnings will be exchanged into Euro at a rate of:
1 EMU = 0.75 Euro.
You will receive your total income via bank transfer after the end of this study The amount of payment will be secret. Thus, no other participant will learn how much you earned.
All participants will make their decisions via the computer. During the study, you will be randomly matched with other participants who you just met. Neither before, nor after the study will you learn the exact identity of the participants you are matched with. In the same way, the matched participants will not be informed about your identity. 

We describe the precise course of the study on the next pages.


The Study
There are two different participant roles: Participant A and Participant B who will interact with each other.

You are in the role of Participant A 

Both participants, A and B, receive an initial endowment of 12 EMU at the beginning of the interaction. Then, you as Participant A make a single decision to transfer 0, 4, 8, or 12 EMU of your initial endowment to Participant B. Each EMU you transfer to Participant B will be tripled. That is, if you 
· transfer 0 EMU, then Participant B receives 0 EMU in addition to his initial endowment;
· transfer 4 EMU, then Participant B receives 12 EMU, in addition to his initial endowment;
· transfer 8 EMU, then Participant B receives 24 EMU, in addition to his initial endowment;
· transfer 12 EMU, then Participant B receives 36 EMU, in addition to his initial endowment
Participant B will be informed of your decision after you have made it. Participant B then has to decide how much of his endowment (initial endowment of 12 EMU + additional EMU received from you) he will transfer back to you. EMU transferred back will not be tripled, meaning that you will receive exactly the number of EMU that Participant B transfers back to you.

Consider this arbitrary example: in case you transfer 4 EMU to Participant B, then you are left with 8 EMU (12 – 4 = 8) and he has 24 EMU (4 × 3 = 12, plus 12 initial endowment) available. He can then transfer back to you any whole EMU amount between 0 and 24. If Participant B, for example, transfers 7 EMU back to you, then you as Participant A earn 15 EMU (7 EMU transferred back by participant B to you, plus 8 remaining EMU of your initial endowment). In this example, Participant B  earns 17 EMU (24 – 7). 


Thus, depending on your transfer and Participant B's decision, both participants' income is determined as follows:

You as Participant A earn:
12 – your transfer to Participant B + Participant B’s back transfer to you.


Participant B earns:
12 + (3 × your transfer to Participant B) – Participant B’s back transfer to you.

To let you practice calculating your income, here are two more examples for you to consider.

Example 1: Suppose you as Participant A transfer 8 EMU to Participant B and this participant transfers 12 EMU back to you. How much do you and Participant B earn in this case? 
You as Participant A earn  ____ EMU  
Participant B earns  ____ EMU

Example 2: Suppose that you, as in the first example, transfer 8 EMU to Participant B. Participant B now decides to transfer 2 EMU back to you. How much do you and Participant B earn in this case? 
You as Participant A earn ____ EMU 
Participant B earns ____ EMU

Note: These are two arbitrary examples. Naturally, many other combinations of decisions are possible, leaving you with either more, or less, than your initial endowment.
Please raise your hand when you have answered both questions. The room supervisor will check your answers. Only after your answers have been checked and are correct, can you proceed to the next page.
When making your decision you will see a screen like the one shown below. You will enter your transfer decision using the keyboard and confirm your decision with clicking the OK button.
[image: ]








IMPORTANT
Remember that as Participant A you can choose between 0, 4, 8, or 12 EMU for your transfer. Participant B can choose any integer amount for the back transfer with the minimum amount being zero and the maximum amount being the number of EMU he has available after your transfer decision. 

The Participant B with whom you are matched is determined randomly from among the participants whom you just met. You will not be informed with which one of these participants you are matched. You only know that it is one of the participants whom you just met. In this sense, the interaction is anonymous, meaning that neither you nor Participant B will be informed about the other participant's identity during or after the experiment. 

You will learn of the decision of the Participant B with whom you are matched at the end of this session. You will then also learn your earnings. How much you earn depends on both your decision and the decision of the Participant B with whom you are matched.



Appendix B
Specific trustee trust game instruction (based on Declerck et al.4 and adjusted to the purpose of this study)

You are now in the role of Participant B 
You now have an additional opportunity to earn money. For the following decision you take on the role of Participant B, and you are matched with a participant A. This participant A is another person than the participant B you have been matched with before.

In this part of the study, everything is the same as before with one important difference:  you now have the role of Participant B and you are randomly matched with another participant in the role of Participant A.

Both participants, A and B, receive an initial endowment of 12 EMU at the beginning of the interaction. Then Participant A can transfer 0, 4, 8, or 12 EMU of his initial endowment to you as Participant B. Each EMU which Participant A transfers to you will be tripled. If, for example, A transfers 4 euro, you will receive 12 euro, in addition to your initial endowment. That is, if Participant A
· transfers 0 EMU, then you receive 0 EMU in addition to your initial endowment;
· transfers 4 EMU, then you receive 12 EMU, in addition to your initial endowment;
· transfers 8 EMU, then you receive 24 EMU, in addition to your initial endowment;
· transfers 12 EMU, then you receive 36 EMU, in addition to your initial endowment

You will be informed of Participant A's decision after he has made it. You then have the possibility of transferring back any amount of your EMU to Participant A. EMU transferred back will not be tripled, meaning that Participant A will receive exactly the number of EMU that you transfer.
Consider this arbitrary example: in case Participant A transfers 4 EMU to you as Participant B, then you have 24 EMU (4 × 3 = 12 plus 12 initial endowment) available and Participant A has 8 EMU left (12 – 4 = 8). You can then transfer back any whole EMU amount between 0 and 24. If you, for example, transfer 7 EMU back, then you as Participant B earn 17 EMU (24 – 7). Participant A then earns 15 EMU (7 EMU transferred back by you + 8 remaining EMU of his initial endowment).
To provide another example: in case Participant A transferred 8 EMU, you have 36 EMU (8 × 3 = 24 plus 12 initial endowment) available; you can then transfer back between 0 and 36 EMU. If you, for example, transfer back 12 EMU, then you as Participant B earn 24 EMU (36 – 12). Participant A then earns 16 EMU (12 + 4 remaining euro of his initial endowment).
Note: These are two arbitrary examples. Naturally, many other combinations of decisions are possible, leaving you and Participant A with more or less earnings.
Depending on Participant A's decision and the amount of your back transfer, both participants' income is determined as follows:

Participant A earns:
12 – Participant A's transfer to you + your back transfer to Participant A.


You as Participant B earn:
12 + (3 × Participant A's transfer to you) – your back transfer to Participant A.


When making your decision you will see a screen like the one shown below. You will enter your back transfer decision using the keyboard and confirm your decision with clicking the OK button.
[image: ]

IMPORTANT
Participant A can transfer 0, 4, 8, or 12 EMU to you. You, as participant B, can choose any integer amount for the back transfer with the minimum amount being zero and the maximum amount being the number of EMU you have available after Participant A’s transfer decision.

[bookmark: _Hlk507577359]The Participant A with whom you are matched is determined randomly from among the participants whom you just met. Importantly, you will be matched with a different participant than in the previous situation, and you will not be informed with which one you will be matched. You only know that it is one of the participants whom you met. In this sense, the interaction is anonymous, meaning that neither you nor Participant B will be informed about the other participant's identity during or after the experiment. 



Appendix C
Guidelines for oxytocin administration, based on recommendations by Guastella et al., 2013775
	1
	If necessary, clear your nose from any obstruction (box of tissues provided).

	2
	Prime the bottle and complete a test spray in the air.

	3
	Sit comfortably and keep the head in an upright position.

	4
	Close one nostril with one finger while administering the spray to the other nostril.

	5
	Insert bottle 1 cm into the nostril and keep the tip of the bottle at a 45 degree angle into the nose. Aim towards the upper lateral part of the nose (and not towards the middle of the nose). 

	6
	Upon delivery, inhale and breathe in lightly. Do no sniff exaggeratedly.

	7
	Alternate administration between nostrils. Allow time between each re-administration to the same nostril at least 15 seconds. 
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	Question
	Hypothesis
	Sampling plan
	Analysis Plan
	Rationale for deciding the sensitivity of the test for confirming or disconfirming the hypothesis
	Interpretation given different outcomes
	Theory that could be shown wrong by the outcomes

	Can we replicate the finding from Kosfeld et al. (2005)3: Does intranasal administration of oxytocin, compared to a placebo, increases  trusting behavior?
	H1a (main hypothesis): Investors on oxytocin, compared to placebo, do not significantly invest more money in trustees.
	We base our sample size on an a priori power analysis. For this we used Figure 2a from Kosfeld et al.3 and the corresponding reconstructed dataset63 for missing placebo values. 
To derive probabilities for the investment amounts of 0, 4, 8, and 12 EMU, we collapsed probabilities in line with Kosfeld et al.3. We then extracted probabilities from both the oxytocin and placebo condition and simulated 1000 random data sets to derive the empirical power for detecting a significant group difference based on an ordinal logistic regression.
Using the probabilities reported in Kosfeld et al.3 and with α set to .02 (testing one-sided), a sample of n=220 would yield a power of .99 to detect an increase in investments following oxytocin administration.


	We will conduct an ordinal logistic regression model with investment levels as dependent variable and the oxytocin condition as independent variable (value equals 1 when on oxytocin, and 0 when on placebo). Levels of nasal obstruction assessed will be included as a covariate that could potentially limit the impact of intranasal oxytocin administration.
If the proportional odds assumption of the ordinal logistic regression model is violated, we will conduct and report the results of three separate binary logistic models (0-4, 0-8, 0-12I:0=0 and 4/8/12=1; II: 0/4=0 and 8/12=1; III: 0/4/8=0 and 12=1)  with no correction for post hoc comparisons.
	We believe that one-sided hypothesis testing (investments oxytocin > investments placebo) at p<0.025 uncorrected is justified since this is already a very strict threshold alpha which we consistently use for testing our replication-related hypotheses 1-3. That is, an alpha of .02 is close to a stringent Bonferroni-corrected alpha of .05 corrected for the number of hypotheses.

	If the odds ratios will differ significantly from 1, participants on oxytocin vs. on placebo differ in terms of their trusting behavior (measured by investments in the trust game) and we will have evidence that oxytocin has an effect on trusting behavior. 



	Theory: oxytocin is a trust-enhancing hormone. 
In case we find no evidence that oxytocin increases trust as measured by the trust game (both H1a and pooled analysis), this would contradict that theory.we will have found no supporting evidence for the theory that oxytocin serves a trust-promoting role. 


	In terms of effects of oxytocin administration on trusting behavior, how can we differentiate between true null effects and significant effects that are too small to be considered meaningful? 
	H1b: Even if, contrary to the prediction, we would observe a significant difference between the OXT and placebo group, we expect it to be significantly smaller than a predefined effect size of interest
	
	The bounds of the equivalence interval will be set to the effect size that the original study3 would have 33% power to detect (n=29 for both the oxytocin and placebo group, Mann-Whitney-U-test, one-sided). Consequently, ΔU will be set to d=.33 and ΔL will be set to d=-.33. 
Equivalence testing will be done according to Lakens85. 
	For our proposed equivalence tests, we settled on an effect size interval that contains effect sizes that are considerably smaller than the originally reported effect size (i.e., ~2-3 times smaller) and that would allow us to conclude that oxytocin effects on trusting behavior may a) be difficult to detect in lab-based experiments and b) less meaningful than originally thought.
	In case the 90% confidence interval of the effect of oxytocin on investments does not falls within the range of the upper and lower bound of the pre-defined interval, we have no evidence to assumeconclude  that the oxytocin and placebo group are equivalent (and thus (where equivalence would imply that the oxytocin effect is not meaningful enough to pursue in future lab-based studies).
	In case we find that a difference between the oxytocin and placebo group is significantly smaller than a predefined effect size of interest (i.e., by conducting equivalence testing), this effect will be difficult to pursue/observe in lab-based studies because it is very small.


	Is there a specific subpopulation, in particular people with low baseline trust propensity, whose investment behavior may be especially sensitive to oxytocin manipulations?
	H2: We expect the effect of oxytocin on investments to decrease with increasing trust propensity of the participants.
	
	We will use the same approach as in H1a with mean values from the Inclusive Generalised Trust Scale as an additional interaction factor.
	We believe that testing for the presence of this group (oxytocin, placebo) by questionnaire score interaction at p<0.025 uncorrected is justified since this is already a very strict threshold alpha which we consistently use for testing our replication-related hypotheses 1-3. That is, an alpha of .02 is close to a stringent Bonferroni-corrected alpha of .05 corrected for the number of hypotheses. because it is a confirmatory hypothesis, and no related analyses are conducted using this variable. We will report this result in combination with the effect size, so that readers can decide upon the relevance of this result.

	If the odds ratios for the interaction term do not differ significantly from 1, we will have no evidence that effects of oxytocin on trusting behavior are influenced by baseline trust propensity.
	Theory: oxytocin is a trust-enhancing hormone. 
In case we find evidence that the effect of oxytocin on trust measured by the trust game will be dependent on the individual (baseline) trust propensity of participants, this would highlight potential boundary conditions (related to character traits) of the original theory.


	Is there a specific subpopulation, in particular people with low baseline low reward sensitivity or high punishment sensitivity, whose investment behavior may be especially sensitive to oxytocin manipulations?
	H3: We expect the effect of oxytocin on investments to decrease with increasing reward sensitivity and decreasing punishment sensitivity.
	
	We will use the same approach as in H1a with z-scored even and odd sum scores of the Sensitivity to Punishment and Reward Questionnaire – Revised and Clarified as additional interaction factors.
	We believe that testing for the presence of this group (oxytocin, placebo) by questionnaire score interaction at p<0.025 uncorrected is justified since this is already a very strict threshold alpha which we consistently use for testing our replication-related hypotheses 1-3. That is, an alpha of .02 is close to a stringent Bonferroni-corrected alpha of .05 corrected for the number of hypotheses. because it is a confirmatory hypothesis, and no related analyses are conducted using this variable. We will report this result in combination with the effect size, so that readers can decide upon the relevance of this result.

	If the odds ratios for the interaction term do not differ significantly from 1, we will have no evidence that effects of oxytocin on trusting behavior are influenced by baseline reward and/or punishment sensitivity.
	Theory: oxytocin is a trust-enhancing hormone. 
In case we find evidence that the effect of oxytocin on trust measured by the trust game will be dependent on the individual (baseline) reward and punishment sensitivity of participants, this would highlight potential boundary conditions (related to character traits) of the original theory.


	What effect sizes can be expected when using intranasal oxytocin administration to modulate trusting behavior?
	Pooled analysis: Pooling the to-be-collected data with the minimal social contact sample data of Declerck et al.61 to increase power to find a small effect of OXT on intrapersonal trust.
	Mixed results from previous oxytocin-trust (replication) studies suggest that the true effect regarding an increase in trusting behavior following oxytocin administration is smaller than the effect size of Cohen’s d of .51 (corresponding to an odds ratio of approximately 2.521) reported in the original study by Kosfeld et al.3.
To this end, we will combine our data with the minimal social contact condition sample from a previous large-scale replication61. 
We used extracted probabilities for the placebo condition from Kosfeld et al.3 and assumed a true minimal effect size of Cohen’s d =.2, which would translate to an odds ratio of 1.44. We then simulated 1000 random datasets to derive power. 
With α set to .05 (testing one-sided), a combined sample of N=546 (220 participants collected as part of this pre-registration) would yield a power of .8 to detect an increase in interpersonal trust following OXT administration. Lowering α to .02 (again, one-tailed) would still yield a power of about .68.
	H1a will be re-run in the pooled sample; corresponding equivalence testing as in H1b will be repeated as well.
	Same rationale as H1a, but with the addition that we increase our power to increase sensitivity to even smaller effects of oxytocin on investments (and, for H1b, that we increase power to assess group equivalence).
	Same interpretation as for H1a/H1b.
	Same interpretation as for H1a/H1b.
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You are Participant A.

You have 12 EMU.

How many EMU do you transfer to Participant B2
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You are Participant B.

Participant A transferred x EMU to you, meaning you
received x * 3 EMU. You can thus transfer between 0
and 12 +x * 3EMU.

How many EMU do you transfer back to Participant
A?
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