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Abstract

We examine how betrayal aversion and ambiguity attitudes influence trust. To

disentangle these effects, we use a Trust game and manipulate trustors’ perception

of being the intentional recipients of trustees’ betrayal by varying the nature of the

latter: a human or a machine that replicates human choices in probability. After

confirming that this manipulation does not affect ambiguity attitudes or beliefs about

others’ behavior, we find that both factors significantly influence trust. Nonetheless,

even when controlling for these attitudes and beliefs, participants exhibit lower trust

in humans than in machine. Furthermore, using Noldus’ FaceReader technology to

measure emotions during trustors’ decision-making process, we find that participants

express greater anger toward human trustees. Our results indicate that both betrayal

aversion and ambiguity attitudes play important roles in shaping trust decisions.
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1 Introduction

Trust is an important social and economic lubricant that can facilitate trade and growth

(Arrow, 1972; Knack and Keefer, 1997; Algan and Cahuc, 2010), financial participation

(Guiso et al., 2004, 2008; Giannetti andWang, 2016), firm productivity (La Porta et al., 1996;

Bloom et al., 2012), vaccine acceptance (Alsharawy et al., 2022) and democratic stability

(Algan et al., 2017), among other things. Understanding the determinants of trust in society

is therefore of first order importance.

Koehler and Gershoff (2003), Bohnet and Zeckhauser (2004) and Bohnet et al. (2008)

proposed that the aversion to be taken advantage of, “betrayal aversion”, is an important

independent determinant of people’s decision to trust others (in addition to beliefs and

material incentives). Bohnet and Zeckhauser (2004) defined this component, and verified

it’s existence, in the form of a risk premium required by people to trust. A number of other

studies followed up, confirming the importance of betrayal aversion in a variety of contexts.1

However, these studies do not control for subjects’ ambiguity attitudes.

Baillon et al. (2018) recently developed a way to measure ambiguity attitudes at individ-

ual level, and Li et al. (2019) show that these attitudes and ambiguity-neutral beliefs both

matter for trust decisions. Li et al. (2020) suggest that the betrayal aversion measured in

previous papers may be the result of not appropriately controlling for the source of ambiguity

and for the complexity of the situation.

This paper reports results from an experiment designed to shed more light on the ex-

istence of betrayal aversion and its relationship with ambiguity attitudes. We use a Trust

game where subjects’ ambiguity attitudes are measured and controlled for following Li et al.

(2019) methodology, and where the amount and source of ambiguity (other individuals’ deci-

sions) is kept constant. In this environment we manipulate the trustor’s perception of being

1See for example Bohnet et al. (2008), Fehr (2009), Aimone and Houser, (2012), Aimone et al. (2015),
Cubitt et al. (2017), Butler et al. (2016), Butler and Miller (2018) and Benndorf et al. (2024), among
others. Some other studies, for example Fetchenhauer and Dunning (2012), Evans and Krueger (2017) and
Humphrey and Mondorf (2021), failed to find betrayal aversion.

1



the direct recipient of the trustee’s betrayal intention by introducing a ”Machine” that ran-

domly selects the trustee decision from a distribution of choices made by subjects in the

same population to which human trustees belong. In addition, we measure the emotional

reaction of individuals that decide whether to trust, which should be different in presence of

betrayal aversion rather than only ambiguity aversion.

In more detail, Bohnet and Zeckhauser (2004) designed an innovative method based on

minimum acceptable probabilities (MAPs) to measure possible betrayal costs in trust games

while accounting for risk attitudes.2 These authors compare the MAPs stated in the Trust

game to those from a similar Risky Dictator game (where the resolution of the uncertain

prospect is determined by nature and not by humans), finding that subjects stated higher

MAPs in the Trust than in the Risky Dictator game. Assuming that subjects adhere to the

Substitution Axiom of von Neumann–Morgenstern utility, they exclude that MAPs could

have been affected by ambiguity attitudes, and conclude that betrayal aversion drove their

results.

However, Li et al. (2019) show that ambiguity attitudes are significant determinants

of the trustor decision, and that it is important to correct for ambiguity attitudes when

measuring the expectations on the trustee decision. Moreover, Li et al. (2020) identifies

a non-strategic element of ambiguity, named social ambiguity, implying that people tend

to perceive actions taken by humans outside of any strategic interactions differently than

they perceive natural events that lack human agency and free will. The authors argue that

social ambiguity attitudes, combined with reasonable belief assumptions and accounting for

the complexity of the game, can explain Bohnet and Zeckhauser’s (2004) and Bohnet et al.’s

(2008) findings without betrayal aversion. They then conduct an experiment, using a slightly

modified version of the methodology developed by Baillon et al. (2018), to measure ambiguity

attitudes in a treatment characterized by social ambiguity without strategic interaction and

2MAP is the minimum probability of receiving the good outcome for which the subject accepts to expose
herself to an uncertain prospect instead of opting for a particular payoff. MAPs are also used in several of
the follow-up studies on betrayal aversion mentioned in footnote 1.
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moral implications, as well as in a Trust game (betrayal ambiguity treatment). They test for

the presence of betrayal aversion in the form of a higher ambiguity aversion observed in the

Trust game. They find the same level of ambiguity aversion in the two situations, concluding

that there may be no room for betrayal aversion. This conclusion, however, appears based

on the implicit assumption that betrayal aversion is solely measurable by a difference in

ambiguity aversion between social and betrayal ambiguity treatments.

We believe that ambiguity attitudes are a necessary control in the analysis of the trustor

decision, but that the results of Li et al. (2020) are not definitive evidence of the non-existence

of betrayal aversion. Recent research shows that complex belief elicitation methodologies in-

crease the salience of monetary incentives and reduce that of psychological factors relevant

to the topic on which the belief is elicited (Gangadharan et al., 2024). Given the complexity

of the methodology implemented to elicit ambiguity attitudes, it is possible that this makes

the psychological cost deriving from the possible betrayal, during the performance of the

task, less salient. Therefore, it may happen that subjects show the same level of ambiguity

aversion but externalize their betrayal aversion showing both a lower propensity to trust

and a more negative emotional state when they might be betrayed. We believe that one

should verify the presence of betrayal aversion by looking at both the propensity to trust

and emotions during the trust choice in two environments (where the experimenter exoge-

nously vary the perception of the association between a direct betrayal intention and a bad

economic outcome), controlling for ambiguity attitudes and ambiguity-neutral beliefs on the

probabilities of possible economic outcomes.

To shed light on these issues, we study a Trust game augmenting it with a treatment aimed

at reducing a trustor’s perception of being the direct recipient of the human intention behind

the trustee decision. This treatment consists of changing the nature of the trustee decision

maker, while keeping constant the same human-driven ambiguity source: the trustee decision

maker is either a participant as usual (H treatment), or a Machine (M treatment) that

exactly replicates human’s trustee decisions in probability based on a pool of choices made
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by participants drawn from the same population. We then verify whether this treatment

affects the propensity to choose trust while measuring and controlling at the individual level,

with the method developed in Li et al. (2019), the ambiguity attitudes and the ambiguity-

neutral expectations on the choice of the trustee decision maker.

Besides confirming the results by Li et al. (2019) on the importance of ambiguity attitudes

in the decision to trust, we find that, ceteris paribus, subjects show a significantly lower

propensity to trust in the H treatment.

Furthermore, we measure the emotions expressed at the facial level by the subjects during

the trustor decision using Noldus’ FaceReader.3 We find that subjects manifested signifi-

cantly more anger - an emotion identified in the literature as related to the discovery or

anticipation of facing a betrayal4 - during the trustor decision in the H treatment.

We believe that the lower propensity to trust and the higher level of anger expressed

during the trustor decision in the H treatment, controlling for ambiguity attitudes and

ambiguity-neutral expectations, are evidence consistent with the existence of betrayal aver-

sion, together with ambiguity aversion.

Finally, we present additional findings that are consistent with the literatures on gender

differences in the Trust game –we find significant gender differences in both the propen-

sity to trust and trustworthiness, consistent with Croson and Gneezy (2009) and Buchan

et al. (2008) and partially with Van Den Akker et al. (2020)– and on motivated reasoning,

consistent with the literature surveyed by Gino et al. (2016).

Besides contributing to the literature on betrayal aversion and ambiguity attitudes al-

ready discussed above,5 our work also contributes to the more general literature investigating

the determinants of trust using the Trust game introduced by Berg et al. (1995). In addition

3To the best of our knowledge, this is the first empirical work in which subjects’ emotions are measured
during the trustor decision. Kugler et al. (2020), using Noldus’ FaceReader, looked for correlations between
trustor decision and emotions felt in the 10 seconds before the trustor decision.

4See e.g. Baron (1992), Koehler and Gershoff (2003), Gershoff and Koehler (2011), Aimone and Houser
(2012) and Schniter et al. (2020).

5We contribute to the literature on ambiguity attitudes by confirming the results of Li et al. (2019)
about those being important determinants of trust.

4



to providing evidence supporting the importance of expectations about others’ trustworthi-

ness in determining the propensity to trust, we also find evidence of self-similar reasoning

consistent with Li et al. (2019).

The paper also contributes to the literature on trust in interactions between humans

and machines or computers. Houser et al. (2010) and Schniter et al. (2020) do not find

significant differences in average trusting behavior when humans interact with computers

programmed to replicate human behavior, as in our paper, rather than with other humans.

However, these studies do not control for ambiguity attitudes. We find that, after controlling

for ambiguity attitudes, humans tend to trust machines more than individuals.

Diecidue et al. (2024) find that humans trust more the machine learning analyst because

they attribute to it a higher accuracy rate. In our paper, instead, there is no difference in

expected payoffs, which – together with the analysis of emotions – leads us to attribute the

higher trust in the machine to betrayal aversion.

Following up on Abdellaoui et al. (2011) finding that subjects are sensitive to the source of

uncertainty (e.g. weather vs stock market), Farjam (2019) finds that people (prefer computer

generated to human-driven risk but) are indifferent between computer generated and human-

driven ambiguity. In our study subjects made choices under ambiguity rather than risk, and

we held the human-driven nature of ambiguity constant across treatments. However, the two

treatments may have induced subjects to manifest different ambiguity attitudes and beliefs

about the trustee decision. Therefore, we hypothesize and empirically verify that there are

no differences in the above variables between the treatments.

Our study also contributes to the literature on emotions in the Trust game, including

Capra (2004), Aimone et al. (2014), Engelmann et al. (2019), Kugler et al. (2020) and

Schniter et al. (2020), among many others (see Farolfi et al. et al., 2021 for an extensive

survey). We measure emotions during the trustor decision using Noldus’ FaceReader and

identify an increase in anger in the H treatment (relative to the M one). This could be linked

to the anticipation of the possibility of being betrayed after choosing to trust, in line with
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the literature on betrayal aversion and anger (see footnotes 1 and 4).

The rest of the paper unfolds as follows. Section 2 presents the experimental design,

Section 3 some definitions and our hypotheses, and Section 4 some details on the analyzable

sample. Sections 5 reports the results, Section 6 shows some additional findings, and Section

7 concludes.

2 Experimental Design

We implemented a variant of the experimental design developed by Li et al. (2019) modified

in several aspects (see Fig. 1). The motivations for these modifications are discussed in

detail in subsection 2.2. Here, we proceed to illustrate the experimental design.

Fig. 1 Trust game

The subjects participate in a Trust game in which each begins by making the trustee

decision, then faces 24 decision-making situations where they choose between an ambiguous

prospect and a risky one, and finally make the trustor decision. After the experimenter reads

the Trust game instructions aloud, participants first make the trustee decision without know-

ing whether they will be assigned to the Human (H) or Machine (M) trustee decision-maker
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treatment. However, they are informed that half of the pairs will be randomly assigned to

the H treatment and the other half to the M treatment with equal probability. Additionally,

participants know that the roles of trustor and trustee/passive receiver will be assigned with

equal probability in each randomly matched pair,6 and they are informed of the selection

rule the Machine will apply to select one of the available options in the trustee decision.7

Regarding the trustee decision, participants must choose from the following three options:8

• Option A: Pay e15 to each of you

• Option B: Pay you e18, pay the partner e10

• Option C: Pay you e22, pay the partner e8

After all the subjects have made the trustee decision, each participant is privately informed

via a message on the screen whether the effective trustee decision-maker for their randomly

matched pair will be one of the two participants (with equal probability) or the Machine.

Regarding the Machine, the participants were informed that it selects one of the available

options for the trustee decision according to an unknown probability distribution, which is

based on the choices made by other participants from the same University (and thus the

same population) in previous similar experiments.9

After the trustee decision, subjects face a series of 24 decision-making situations involving

ambiguous and risky prospects, designed to elicit ambiguity attitudes and ambiguity-neutral

first-order beliefs about the choice made by the actual trustee decision maker (the partner in

the H treatment, the Machine in the M treatment) between Option A (Reciprocate), Option

B (Middle), and Option C (Selfish).10 We implement the methodology developed by Baillon

6During the experiment, the words trustor and trustee were never used; the two roles were referred to
as Role X and Role Y respectively.

7Subjects were also told that the option selected by Machine is implemented in the same way as if it had
been chosen by the subject assigned the trustee role.

8The terms Reciprocate, Middle and Selfish were never used during the experiment; these choices were
called Option A, Option B and Option C respectively.

9The trustee decisions used to build this probability distribution are those made by the participants who
took part in the experiment conducted by Delle Foglie and Papa (2024).

10Before the 24 decision-making situations, an experimenter read aloud the instructions for this part of
the experiment, and subjects answered control questions.
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et al. (2018) and Li et al. (2019), with slight modifications outlined in section 2.2. In each

of the 24 situations, subjects choose between an ambiguous payoff scenario, where the payoff

depends on the trustee decision (or Machine selection), and a risky payoff scenario, where

the payoff depends on a lottery with a known winning probability. An example of such a

decision-making situation is shown below:

Please choose one of the following two Alternatives:

• Alternative 1: Pay you e3 if your partner chose Option A,11 pay e0 otherwise

• Alternative 2: Pay you e3 with 50% chance, pay e0 otherwise

The above describes the first decision situation in a block of four, where the event on which

the win depends in the ambiguous prospect (i.e., Alternative 1) is that the actual trustee

decision maker (either the partner or the Machine) has chosen Option A in the trustee

decision. Applying the bisection method,12 it is possible to estimate the matching probability

mA ∈ [5, 95] that makes the subject indifferent between a risky prospect of earning e3 with

a probability of mA% and a prospect of earning the same amount if the relevant counterpart

(the partner in the H treatment, the Machine in the M treatment) chooses Option A.

This experimental phase consists of 24 decision-making situations, as it is necessary to

measure both components of ambiguity attitudes—namely, the ambiguity aversion index

and the ambiguity-generated insensitivity index as defined by Li et al. (2019)—and the

ambiguity-neutral first-order beliefs. To this end, we need to elicit the matching probabilities

for each single event (i.e., that the relevant counterpart chose Option A, B, or C) and

composite event (i.e., that the relevant counterpart chose Option A or B, A or C, or B or C).

11The wording ”your partner” is replaced with ”the Machine” in the M treatment.
12The bisection method involves adjusting the winning probability in Alternative 2 as follows: In the first

step, the winning probability is set to 50%. If the subject chooses Alternative 1 (or 2) in the first step, the
winning probability is then increased (or decreased) by 24 percentage points in the second step. The third
step follows the same procedure, but the change in the winning probability is 12 percentage points. The
fourth and final step also follows the same pattern, with a change of 6 percentage points. Finally, in the last
step, the matching probability for the specific event is elicited by adjusting the final winning probability by
±3 percentage points.
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For each single and composite event, subjects must make four choices between ambiguous

and risky prospects, resulting in a total of 24 choices. The order in which the subjects faced

the 6 blocks was randomized at the individual level.13

Once all subjects have completed the 24 decision-making situations involving ambiguous

and risky prospects, they proceed to a 20-second waiting screen. This waiting period allows

for the simultaneous activation of the video cameras on all computers using µCap software

(Doyle and Schindler, 2019). The first 10 seconds of video recording are used to measure

the baseline emotional state of each subject immediately before making the trustor decision.

Following this, the subjects make the trustor decision, which involves choosing between the

following two options:

• Option 1: Follow your partner’s (”the Machine” in the M treatment) instruction for

payment

• Option 2: Pay e10 to each of you

During the trustor decision phase, videos are recorded at each computer station to measure

the emotions experienced by the subjects throughout the decision-making process. Once all

subjects have made their choices, two screens are presented sequentially: the first screen

informs the subject of the role—either trustor or trustee—she has been randomly assigned

within the pair, and the second screen reveals what the other party had chosen in the

role assigned to the subject. Both screens are displayed for a predetermined duration of

20 seconds, with the first 10 seconds used to assess the emotional reaction to the specific

stimulus received.14 After the second screen, the video recording is stopped, and subjects

are shown summary screens displaying their earnings from Part 1 (Trust game), Part 2 (24

decision-making situations between ambiguous and risky prospects) and their total payoff,

13A block refers to a sequence of 4 choices between ambiguous and risky prospects, where the event in
Alternative 1 remains constant, but the winning probability changes based on the subject’s previous choice
between Alternative 1 and 2.

14The decision to use only the first 10 seconds to measure the emotional reaction to the received stimulus
is based on prior relevant scientific literature (Breaban and Noussair, 2018).
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including the show-up fee of €2, thus concluding the experimental session. Regarding the

earnings for Part 2, each subject is compensated for only one (randomly selected) decision-

making situation out of the 24, based on their choice between Alternative 1 and Alternative

2 for that particular situation.

In summary, after the subjects had read and signed the release form and after starting

z-Tree, z-Leaf and µCap, each experimental session is composed of the following sequential

steps summarized in Fig. 2:

1. Reading the instructions for Part 1 (Trust game) aloud and provided on the screen to

each subject.

2. Trustee decision. Each subject chooses between Option A (Reciprocate), B (Middle)

and C (Selfish) for the Role Y (trustee) decision knowing that, after having made it,

each couple will be randomly assigned with equal probability to the H or M treatment.

3. Treatment assignment. Participants in each session are randomly paired, with half of

the pairs randomly assigned to the H treatment and half to the M treatment. Each

subject is notified on the screen, after making the trustee decision, which treatment

her pair has been assigned.

4. Reading the instructions for Part 2 (24 decision-making situations) aloud and provided

on the screen to each subject.

5. Completing control questions to check understanding of instructions.

6. 24 decision-making situations. Subjects face, in individually randomized order, 6 blocks

of 4 decision-making situations (24 situations in total) between ambiguous and risky

prospects.

7. Starting video recording. After all subjects completed the previous step, the webcams

at each station are started at the same time, i.e., 20 seconds before entering the screen

10



for the trustor decision. The first 10 seconds of video recording are used to measure

pre-stimulus emotions.

8. Trustor decision. Each subject chooses between Option 1 (trust) and Option 2 (dis-

trust) for the Role X (trustor) decision.15

9. Role revelation. After all subjects have completed the previous step, each subject is

told what role, X (trustor) or Y (trustee), she has been assigned in the randomly

matched pair.

10. Trust game feedback. Each subject is informed of what the counterpart, in the role

assigned, has chosen, i.e., each trustor (trustee) is informed of the counterpart’s trustee

(trustor) decision. In particular, regarding the feedback given to the trustors, the

trustee decision made by the actual counterpart is communicated: the choice made

by the partner if their pair is assigned to the H treatment; the option selected by the

Machine if their pair is assigned to the M treatment.

11. End of video recording. After all subjects completed the previous step, the webcams

at each station are stopped simultaneously.

Fig. 2 Timing

15Thanks to the use of the µCap software, for each subject the section of the video (the duration of which
was determined by the subject herself) in which she made the trustor decision was precisely isolated.
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2.1 Procedures

The research project was pre-registered in the Open Science Framework Registries prior to

data collection (https://osf.io/6bvsd). The experiment was conducted at the University

of Rome Tor Vergata, using a between-subjects design with 216 students (across 7 sessions,

of which 5 sessions included 32 subjects and 2 sessions included 28 subjects, with each session

consisting of one round). Each participant took part in a single experimental session. Upon

arrival, each subject was assigned to an isolated computer station equipped with a webcam

and provided with a release form, which they were required to read and sign before the

start of the experiment, granting their informed consent to be filmed for scientific purposes.

The experiment was programmed using z-Tree software Fischbacher (2007) and conducted

with the support of z-Tree, z-Leaf, and µCap software (Doyle and Schindler, 2019), ensuring

precise temporal synchronization between the experiment and video recordings through input

generated by programming code written in z-Tree. The experimental sessions were held

between March and April 2024.16

2.2 Variations from Li et al. (2019)

In their experimental design, subjects first make the choice as trustor, then face 24 decision-

making situations to elicit, at the individual level, the matching probabilities, the ambiguity

aversion index, and the ambiguity-insensitivity index, before finally making the choice as

trustee. In our experiment, the order of these choices is reversed: subjects first make the

choice as trustee, then face the 24 decision-making situations, and finally make the choice as

trustor. This change was implemented to make the two treatments identical, except for the

nature of the trustee decision maker. If we had followed the experimental design of Li et al.

(2019), subjects assigned to the M treatment would not have been able to make the trustee

decision, which would have created an undesired difference between the two treatments.

16Specifically, the experimental sessions took place on the following dates: one session on March 25, one
on March 26, two on March 27, and three on April 15, for a total of 7 sessions.
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Our approach was to have all subjects make the trustee decision at the start of the ex-

periment, even before treatment assignment (which was revealed to all subjects immediately

after the trustee decision was made). At this point, subjects knew that the actual trustee

decision maker would either be an experimental subject from the randomly matched pair

(with roles of trustor and trustee/passive receiver assigned with equal probability) or the

Machine with equal probability. This variation could have induced the experimental sub-

jects to apply backward induction, in particular to find in their own trustee decision a basis

for the elaboration of their expectations on the trustee decision of the counterpart. This is

true in both treatments and it is possible to control this aspect by taking into account the

appropriate control variables in the regression models, i.e., including the dummy variables

TrusteeR (1 if the subject chose Reciprocate as trustee, 0 otherwise) and TrusteeS (1 if the

subject chose Selfish as trustee, 0 otherwise) in the regression models.

Secondly, a key feature of Li et al. (2019)’s experimental design is that subjects are

included in the analyzable sample only if their choices meet minimum requirements of log-

ical consistency.17 During the 24 decision-making situations involving ambiguous and risky

prospects, we displayed a reminder on the screen that included the alternatives from the

last decision-making situation in each block of four previously encountered situations, along

with the subject’s own choices in these specific situations. This approach was intended to

ensure that any exclusion of subjects from the analyzable sample was due solely to a lack

of discriminatory power between different levels of likelihood, rather than issues related to

individual mnemonic abilities. The latter can play a significant role in shaping individual

choices, as discussed by Battigalli and Generoso (2024) and demonstrated by Delle Foglie

and Papa (2024).

Finally, in the experimental design of Li et al. (2019), subjects were paid for one of

the 24 decision-making situations with a 96% chance (4% chance for each decision-making

17Specifically, subjects must not overestimate the probability of single events relative to that of event
compositions. If a subject commits this logical fallacy repeatedly, it is not possible to estimate their ambiguity
attitudes and ambiguity-neutral beliefs (Li et al., 2019).

13



situation), or for the trust game with a 4% chance of being selected as either trustor or

trustee (2% chance for each role). In contrast, our experimental design paid subjects for

both the Trust game (using the same payment structure as in Li et al., 2019) and for the

elicitation of expectations.18 The payment for expectations was set at 3 euros, ensuring

that the gain from the elicitation of expectations accounted for only a small portion of the

subject’s total earnings from the experiment.

3 Definitions and Hypotheses

The main objective of this research is to determine whether the nature of the trustee decision

maker—whether another person or a machine acting based on an algorithm—affects a sub-

ject’s propensity to trust that counterparty, in a context where the ambiguity regarding the

probability of the counterparty choosing/selecting a particular option from a set of available

choices remains the same.19

As for ambiguity aversion and the lack of discriminatory power regarding different levels

of likelyhoods (a-insensitivity), we use the indices developed by Baillon et al. (2018), while

for the measurement of ambiguity-neutral first order beliefs we apply the formula developed

by Li et al. (2019).

Definition 1 Ambiguity aversion index:

b = 1−mS −mC (1)

b is defined in [−1, 1] where b = 0 indicates ambiguity neutrality, b = −1 means that

the subject is strongly ambiguity seeker, and b = 1 means that she is strongly ambiguity

18Each subject was paid for one randomly selected decision-making situation out of the 24 they completed.
19While the selection of a particular option by a person among a set of available choices can be defined

as a ”choice,” motivated by reasoning and intention, the same cannot be said for the selection made by a
machine based on a probability distribution, as there is no reasoning or intention involved in the machine’s
action. Therefore, we refer to the decision made by an experimental subject as a ”choice,” while the decision
made by the machine is referred to as a ”selection.”
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averse. mS = (mR + mM + mS)/3 where mR, mM , mS are the matching probabilities for

the single events that the counterpart choose Reciprocate-Middle-Selfish respectively, and

mC = (mRM +mRS+mMS)/3 where mRM , mRS, mMS are the matching probabilities for the

composite events that the counterpart choose Reciprocate or Middle - Reciprocate or Selfish

- Middle or Selfish respectively.20

Definition 2 a(mbiguity-generated)-insensitivity index:

a = 3

[

1

3
− (mC −mS)

]

(2)

a, defined in [−1, 1], is a measure of the lack of discriminatory power of the subject regarding

different levels of likelihood, where a = 0 indicates the maximum discriminatory power, while

a = 1 indicates the total lack of discriminatory power.21

Definition 3 Ambiguity-neutral first order beliefs:

pi =
3(mC −mS) + 3mi − 3mjk + 2(1− a)

6(1− a)
(3)

where {i, j, k} = {Reciprocate,Middle, Selfish}. pR,M,S is defined in [0, 1] and pR + pM +

pS = 1. Quoting Li et al. (2019): ”These can be interpreted as the beliefs of an ambiguity

neutral twin of the decision maker, who is exactly the same as the decision maker except that

she is ambiguity neutral. That is, a-neutral probabilities are additive subjective probabilities

that result after correcting for ambiguity attitudes.”. Consistent with what Li et al. (2019)

did, in our analyses we will use pR−pS as a variable that measures the positivity (negativity)

of the subjects’ beliefs regarding the other trustee’s decision.

To induce the same ambiguity attitudes regarding the choice/selection of the trustee de-

cision maker in both treatments, we set the Machine’s selection rule in the M treatment as

20The matching probability m (mi or mij) of an event E (Ei or Eij) is the probability such that the
decision maker is indifferent between the ambiguous prospect of earning X if the event E happens, and the
risky prospect of earning X with known probability m%. For further details on this, see Li et al. (2019).

21See Baillon et al. (2018) for further details on this index.
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a random draw from a set of trustee decisions made by a sample of subjects from the same

population as those who participated in this experiment (all of which was made perfectly

clear to the experimental subjects). This approach should also induce equal expectations

regarding the probability distribution underlying the trustee’s decision, since the probability

that a subject will choose Reciprocate-Middle-Selfish in the H treatment is identical to the

probability that another subject from the same population would have chosen Reciprocate-

Middle-Selfish in a previous experiment (M treatment). The only distinction between a

subject’s choice and the Machine’s selection lies in the presence of intentionality: the former

reflects a deliberate intention by an individual to make their matched participant experience

the consequences of their Reciprocate-Middle-Selfish choice, while the latter involves a ran-

dom assignment of previously made choices, without any intention directed toward the person

affected by the outcome. Given the selection rule applied by the Machine, we should assume

that the assignment to the M treatment has no effect on ambiguity attitudes or ambiguity-

neutral first-order beliefs. However, one might suspect that the experimental subjects could

have found the Machine’s selection rule difficult to understand. If this were the case, it could

potentially impact ambiguity aversion, the a-insensitivity index, and ambiguity-neutral first-

order beliefs. Therefore, we test the null hypothesis that the treatment assignment had no

effect on these variables.

H2-3-4: The assignment to H or M treatment has no effect on the ambiguity aversion

index, the a-insensitivity index, and pR − pS.

After confirming that the treatment has no effect on ambiguity attitudes and ambiguity-

neutral beliefs, we proceed with the central research question of this paper. We hypothesize

that any discrepancy in the propensity to choose trust between the two treatments, control-

ling for all other relevant factors, can be attributed to the experimental subject’s perception,

during the trustor decision, of the presence (or absence) of an intention to betray the trustor

as a motivator for the selfish trustee decision.22

22One might argue that the trustor decision is also influenced by the fact that in the M treatment, there
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H1: subjects assigned to the H treatment show, ceteris paribus, a lower propensity to

trust than subjects assigned to the M treatment, consistent with betrayal aversion theory.

Finding evidence supporting H1-2-3-4 would lead us to conclude that subjects, ceteris

paribus, anticipate greater disutility from trusting in the H treatment than in the M treat-

ment. This would confirm the existence of a non-monetary loss associated with the possibil-

ity of experiencing the Selfish choice from a human partner, consistent with the concept of

betrayal aversion as defined by Bohnet and Zeckhauser (2004) and Bohnet et al. (2008).

After the experimental sessions, Noldus’ FaceReader software (https://www.noldus.

com/facereader) was used to generate data on the emotions of subjects at the individual

level. Specifically, during the experiment, subjects were filmed individually by a webcam

(one per computer station) with their prior consent. The perfect synchronization of the

video recording with the timing of the experiment was achieved using µCap software (Doyle

and Schindler, 2019). After the experimental sessions, the videos were analyzed using Fac-

eReader software available in the CIMEO laboratory at Sapienza University of Rome. The

output produced by FaceReader consists of observations made every tenth of a second at the

individual level for several variables: (I) the intensity of seven emotions (happiness, sadness,

anger, surprise, scare, disgust, contempt), with each emotion measured independently on a

scale from 0 to 1; (II) a synthetic indicator of the subject’s emotional state called Valence;

(III) an indicator of the degree of activity of the subject called Arousal.23 In line with

findings from Baron (1992), Schlösser et al. (2013), and Aimone et al. (2014), regarding

is a subject in the role of passive receiver, who is subject to both the trustor’s choice and the Machine’s
selection of the trustee decision, without the right of reply. However, this is unlikely, as Houser et al. (2010)
and Schniter et al. (2020) both found in similar experiments that the presence or absence of a passive human
receiver has no influence on the behavior of a sender in an investment game. In this regard, we provide a
check in Appendix B, suggesting that the difference in the trustor decision between the two treatments was
not driven by prosocial motivations.

23Valence is calculated at each moment as the intensity of happiness (the only positive emo-
tion) minus the intensity of the most intense negative emotion (sadness, anger, scare, or dis-
gust). Arousal, based on the activation of 20 Action Units from the Facial Action Coding Sys-
tem (Ekman and Friesen, 1978), measures whether the subject is active or not. For more details
on these variables, see FaceReader Methodology Note (https://info.noldus.com/hubfs/resources/
noldus-white-paper-facereader-methodology.pdf?utm_campaig).
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the importance of anticipated and action-related emotions in economic decision-making, we

hypothesize that emotional changes occur in the mood of experimental subjects during the

trustor decision in the H treatment, but not (or to a lesser extent) in the M treatment.24

In particular, we hypothesize that in the H treatment, negative emotions arise from the

prospect of trusting a human counterpart, whereas this does not happen (or happens less)

in the M treatment, since the selection made by the Machine is not associated with a human

intention explicitly directed toward the trustor.25

H5a: During the trustor decision, ceteris paribus, subjects assigned to the H treatment

experience lower Valence than subjects assigned to the M treatment.

Valence captures only the most intense negative emotion experienced at a given moment,

thereby overlooking the informational content provided by changes in other negative emo-

tions. As outlined in the exploratory analysis section of the pre-registration, we also examine

the presence of significant associations between the nature of the trustee decision maker and

the individual emotions that contribute to the determination of Valence, namely happiness,

sadness, anger, and scare.26 We specifically focus on anger, as previous research by Baron

(1992), Koehler and Gershoff (2003), Gershoff and Koehler (2011), and Aimone and Houser

(2012) has found evidence suggesting a significant correlation between betrayal aversion and

anger.

H5b: During the trustor decision, ceteris paribus, subjects assigned to the H treatment

experience a higher (lower) level of anger, sadness, scare (happiness) than subjects assigned

to the M treatment.
24Baron (1992) found that most people would feel angrier when blinded by a vaccine for a disease compared

to being blinded by an untreated disease. Schlösser et al. (2013) demonstrated the predictive power of
anticipated and action-related emotions in risky choice contexts. Aimone et al. (2014) found that betrayal
aversion stems from a desire to avoid negative emotions resulting from the realization that one’s trust was
betrayed.

25In the M treatment, there may still be a high level of negative emotions related to the uncertainty faced
by the subjects.

26We exclude disgust from the analysis because we do not believe it is an anticipated emotion related to
betrayal aversion. However, we also tested this and found no association between the M treatment and the
disgust experienced by subjects during the trustor decision.
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Another piece of evidence for the existence of a betrayal cost can be found in the reactions

of subjects who chose to trust when they receive feedback about the trustee’s decision. If a

betrayal cost exists, subjects who, after trusting the counterpart, learn that the trustee has

chosen the Selfish option should experience more intense negative emotions when the trustee

is human, compared to when the trustee is a Machine. We hypothesize that these emotions

are likely to be anger and/or sadness, in line with the findings of Schniter et al. (2020).

H6-7: Subjects who are assigned the role of trustor, who choose to trust the counterpart,

and who discover that the trustee decision maker has chosen (selected) the Selfish option,

experience a higher (lower) level of sadness and/or anger if they are assigned to the H (M)

treatment.

4 Analyzable sample

Out of the 216 subjects who participated in the experiment, not all could be included in the

analyses. Specifically, subjects whose choices in the task for eliciting ambiguity attitudes

and a-neutral beliefs about the trustee’s decision were logically inconsistent could not be

included, as it is not mathematically possible to estimate the required variables in such cases.

In their study, Li et al. (2019) excluded from the analyzable sample all subjects who failed

at least two monotonicity tests or who indirectly declared matching probabilities leading to

mS = mC .
27 However, we find that for our data, this selection criterion is neither sufficient

nor necessary. On one hand, there are subjects who (I) failed only one monotonicity test and

(II) exhibit mC > mS and a < 1, but for whom it is still not possible to estimate consistent

expectations (6 subjects in total).28 On the other hand, there are subjects who (I) failed

27The monotonicity test verifies the condition mij ≥ mi, meaning that the matching probability of a
composite event Eij (i.e., the counterpart choosing i or j) should not be less than the matching probability of a
single event Ei. There are three single events, (ER, EM , ES), and three composite events, (ERM , ERS , EMS),
so six monotonicity tests are performed for each subject.

28For example, one subject from this group has mR = 0.35, mM = 0.41, mS = 0.65, mRM = 0.41,
mRS = 0.47, and mMS = 0.77, resulting in mS = 0.47 < 0.55 = mC and a = 0.76. For this subject,
pR = −0.375, pM = 0.375, and pS = 1.

19



two monotonicity tests and (II) exhibit mC > mS and a < 1, but for whom it is possible to

estimate consistent expectations (5 subjects in total).29In the online Appendix C of Li et al.

(2019), regarding the derivation of equation (3), one can find that the original monotonicity

assumption consisted of (mij ≥ mi and mC > mS). As we have demonstrated, the first

condition is sufficient but not necessary, meaning that adhering to both conditions would

exclude from the analyzable sample subjects who have perfectly estimated and analyzable

values of a, pR, pM , and pS.
30 In light of the above, we included in our analyzable sample

180 subjects who met the following two conditions: (1) mC > mS, ensuring a < 1, and (2)

mij+mik ≥ mj+mk for i, j, k = {Reciprocate,Middle, Selfish}, ensuring that pR, pM , and

pS are non-negative and sum to 1. Further details on the second necessary and sufficient

condition are provided in Appendix A. Tables 1 and 2 present summary statistics for the

analyzable sample in the H and M treatments, respectively.

29For example, one subject from this group has mR = 0.29, mM = 0.41, mS = 0.35, mRM = 0.59,
mRS = 0.23, and mMS = 0.71, leading to mS = 0.35 < 0.51 = mC and a = 0.52. For this subject,
pR = 0.0625, pM = 0.6875, and pS = 0.25.

30The fact that this condition is not strictly necessary is implicitly acknowledged by Li et al. (2019), since
they also include subjects who fail one monotonicity test in their analyzable sample.
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Summary statistics - H treatment

Mean Median SD Min Max

Trustor 0.52 1 0.50 0 1

Trustee 1.80 2 0.86 1 3

Ambiguity aversion -0.07 -0.04 0.18 -0.56 0.40

a-insensitivity 0.25 0.22 0.27 -0.56 0.88

pR 0.33 0.33 0.18 0 1

pM 0.29 0.33 0.14 0 0.69

pS 0.38 0.33 0.19 0 1

Male 0.43 0 0.50 0 1

Table 1: 87 observations from H treatment, consisting of 77+7+3 subjects who failed 0, 1,
2 monotonicity tests respectively. Trustor = 1 if the subject chooses to trust, 0 otherwise.
Trustee = 1, 2 or 3 if the subject chooses option Reciprocate, Middle or Selfish
respectively. Ambiguity aversion and a-insensitivity are indexes measuring motivational
and cognitive component of ambiguity attitudes respectively. pR, pM , pS are the
ambiguity-neutral expectations on the probability that the trustee decision maker chooses
Reciprocate, Middle or Selfish respectively. Male = 1 if the subject is male.
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Summary statistics - M treatment

Mean Median SD Min Max

Trustor 0.67 1 0.47 0 1

Trustee 1.91 2 0.93 1 3

Ambiguity aversion -0.05 0 0.19 -0.66 0.86

a-insensitivity 0.23 0.10 0.27 -0.74 0.94

pR 0.33 0.33 0.14 0 0.77

pM 0.31 0.33 0.11 0 0.75

pS 0.36 0.33 0.12 0.08 0.67

Male 0.46 0 0.50 0 1

Table 2: 93 observations from M treatment, consisting of 84+7+2 subjects who failed 0, 1,
2 monotonicity tests respectively. Trustor = 1 if the subject chooses to trust, 0 otherwise.
Trustee = 1, 2 or 3 if the subject chooses option Reciprocate, Middle or Selfish
respectively. Ambiguity aversion and a-insensitivity are indexes measuring motivational
and cognitive component of ambiguity attitudes respectively. pR, pM , pS are the
ambiguity-neutral expectations on the probability that the trustee decision maker chooses
Reciprocate, Middle or Selfish respectively. Male = 1 if the subject is male.

The analyzable sample for testingH5a andH5b consists of 169 observations. The sample

size was reduced from 180 to 169 due to two technical issues: (1) the FaceReader software

is unable to measure facially expressed emotions when participants partially or fully cover

their faces, and (2) in one experimental session, technical malfunctions prevented recording

of videos that could be perfectly synchronized with the experiment’s timing. Summary

statistics for this subsample are presented in Table 3.
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Summary statistics

Mean Median SD Min Max

Trustor 0.51 1 0.50 0 1

Trustee 1.86 2 0.90 1 3

Ambiguity aversion -0.06 0 0.19 -0.66 0.86

a− insensitivity 0.23 0.16 0.27 -0.74 0.94

pR 0.33 0.33 0.16 0 1

pM 0.30 0.33 0.13 0 0.75

pS 0.37 0.33 0.16 0 1

Male 0.44 0 0.50 0 1

H treatment 0.49 0 0.50 0 1

PS V alence -0.19 -0.16 0.17 -0.68 0.47

PS Happiness 0.02 0.002 0.06 0.00 0.49

PS Sadness 0.18 0.14 0.16 0.002 0.68

PS Anger 0.05 0.02 0.09 0.00 0.63

PS Scare 0.01 0.003 0.02 0.00 0.20

PS Arousal 0.39 0.38 0.16 0.04 0.09

TD V alence -0.17 -0.15 0.15 -0.68 0.35

TD Happiness 0.02 0.004 0.05 0.00 0.36

TD Sadness 0.15 0.10 0.14 0.003 0.68

TD Anger 0.07 0.03 0.10 0.00 0.51

TD Scare 0.01 0.004 0.02 0.00 0.15

TD Arousal 0.37 0.38 0.10 0.08 0.60

Table 3: 169 observations, consisting of 151+13+5 subjects who failed 0, 1, 2 monotonicity
tests respectively. ”PS” means pre-stimulus, indicating that the value of that specific
emotion is equal to the average of the values manifested by the subject in the 10 seconds
before starting the trustor decision (one observation every tenth of a second). ”TD” means
trustor decision, indicating that the value of that variable is equal to the average of the
values manifested by the subject during the completion of the trustor decision (one
observation every tenth of a second).
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5 Results

In this section we present our findings with respect to the hypotheses presented in Section

3.31

5.1 Hypotheses 2-3-4

We first provide evidence in support of H2-3-4, which allows us to assert that any differences

observed between the two treatments regarding the propensity to trust are ceteris paribus,

i.e., holding ambiguity attitudes and ambiguity-neutral first-order beliefs constant. Using

the Wilcoxon rank-sum test, we find that the treatment assignment has no significant effect

on the ambiguity aversion index (-0.07 vs -0.05, W = 3646.5, p = 0.2453). This is also true

for the a-insensitivity index (0.25 vs 0.23, W = 4304, p = 0.4539) and pR − pS (-0.05 vs

-0.03, W = 4078, p = 0.9247). Thus, the data robustly support the hypotheses H2-3-4.

As a robustness check, we verify these findings using regression models with standard errors

clustered by experimental sessions. Since the ambiguity aversion index, a-insensitivity index,

and pR − pS are continuous variables within the range (-1, 1), we employ Beta regression

models with a logit link function. In these models, the dependent variables are transformed

as y′ =
y − a

b− a
, where a = −1 and b = 1 (Cribari-Neto and Zeileis, 2010). Furthermore, since

pR − pS takes values at the extreme points -1 and 1, we apply the further transformation

y′′ =
y′(n− 1) + 0.5

n
, where n is the sample size (180) (Smithson and Verkuilen, 2006).

31Data are available upon request.
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Beta Regression model

Model 1 Model 2 Model 3

Ambiguity aversion Dependent variable -0.29 0.64
(0.42) (0.42)

a-insensitivity -0.14 Dependent Variable -0.08
(0.16) (0.08)

pR − pS 0.22* -0.28** Dependent Variable
(0.13) (0.11)

Male 0.03 -0.09 -0.00
(0.04) (0.12) (0.9)

H treatment -0.02 -0.01 -0.09
(0.06) (0.10) (0.11)

TrusteeR -0.05 0.08 0.30***
(0.08) (0.14) (0.09)

TrusteeS 0.02 -0.14 -0.36**
(0.05) (0.11) (0.17)

const -0.06 0.52**** 0.00
(0.06) (0.15) (0.12)

Table 4: 180 observations, Beta Regression models with standard errors clustered by
experimental session. Since the variables Ambiguity aversion and a-insensitivity are defined
in the interval (-1, 1), those were transformed into y′ = (y − a)/(b− a) where a = −1 and
b = 1. Since pR − pS takes values in [-1, 1], this has been transformed into
y′′ = (y′(n− 1) + 0.5)/n where n = 180 and y′ = (y − a)/(b− a) with a = −1 and b = 1.
∗p < 0.1; ∗∗p < 0.05; ∗∗∗p < 0.01; ∗∗∗∗p < 0.001
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The results in Table 4 further confirm the hypotheses H2-3-4. Figures 3, 4, and 5 display

the boxplots for the ambiguity aversion index, a-insensitivity index, and pR−pS, respectively,

for the H and M treatments.

Result 0: We find no evidence to reject the null hypotheses H2-3-4 that ambiguity

aversion, a-insensitivity and pR − pS are independent of the treatment.

Fig. 3 Boxplots for the ambiguity aversion index (b) in H and M treatments.
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Fig. 4 Boxplots for the a-insensitivity index (a) in H and M treatments.

Fig. 5 Boxplots for pR − pS in H and M treatments.
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Moreover, subjects’ trustee decisions are significantly correlated with their expectations

regarding the counterpart’s trustee decision. Specifically, the Spearman’s rank correlations

are as follows: for corr(TrusteeR, pR − pS), ρS = 0.417, p < 0.001; and for corr(TrusteeS,

pR − pS), ρS = −0.338, p < 0.001. This evidence supports the findings of Li et al. (2019) on

self-similar reasoning, suggesting that individuals form their expectations about the other’s

trustee decision based on their own decision, as illustrated in Fig. 6.

Fig. 6 Subjects’ average ambiguity-neutral first-order beliefs about counterparts’ trustee
decision, given their own trustee decision.

We also find suggestive evidence of a positive correlation between pR − pS and the ambi-

guity aversion index (p = 0.077), as well as a negative correlation between pR − pS and the

a-insensitivity index (p = 0.014).
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5.2 Hypothesis 1

Having confirmed that subjects’ ambiguity aversion, a-insensitivity, and ambiguity-neutral

expectations are independent of the treatment assignment, we now proceed to analyze the

effect of the treatment assignment on subjects’ propensity to trust. Before doing so, we first

analyze the trustee decision to ensure it is balanced between treatments and that there are

no significant interactions with other regressors.

5.2.1 Trustee Decision analysis

We begin by briefly summarizing the evidence suggesting the presence of self-similar reason-

ing. Figure 6 shows that subjects’ expectations regarding a counterparty’s trustee decision

(e.g., pS) are higher when the subject made the same trustee decision (Selfish). The poten-

tial presence of self-similar reasoning is further supported by Model 3 in Table 4. However,

it is important to note that this evidence is purely correlational and not causal.

As shown in Table 5, there is a significant correlation between pR − pS and the trustee

decision made by subjects; considering this evidence in conjunction with that found in Model

3 in Table 4 suggests that there could be a relationship of interdependence between subjects’

trustee decision and their expectations on others’ trustee decision.32 Furthermore, in Table

5 we find other evidence that we need to account for.

First, the random assignment of subjects to the H and M treatments, which occurred

after subjects made their trustee decisions and were informed that they would be assigned to

one of the treatments with equal probability, did not result in perfect balance of the trustee

decision covariate across treatments. Our analyzable sample included 87 subjects assigned

to the H treatment (Reciprocate = 42, Middle = 20, Selfish = 25) and 93 subjects assigned

to the M treatment (Reciprocate = 44, Middle = 13, Selfish = 36). Consequently, there is

32It’s likely that a subject’s behavior may influence her expectations on others, but also that how she
thinks others will behave may influence what she choose to do. The latter may be due to adhering to social
norms and/or to adapt her conduct towards others based on the conduct she expects them to have towards
her. This second point will be analyzed in more depth in Section 6.2.
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Logit model - Trustee Decision

TrusteeR TrusteeS

Male -0.19 1.06****
(0.35) (0.29)

H treatment 0.06 -0.65**
(0.30) (0.32)

Ambiguity aversion -0.96 1.14
(1.06) (1.00)

a-insensitivity 0.83 -1.58**
(0.66) (0.73)

pR − pS 4.44**** -4.77****
(0.95) (0.92)

const -0.14 -0.82**
(0.38) (0.42)

Table 5: 180 observations, Logit models with standard errors clustered by experimental
session.
∗p < 0.1; ∗∗p < 0.05; ∗∗∗p < 0.01; ∗∗∗∗p < 0.001

an imbalance between the two treatments in the percentage of subjects who chose Selfish,

with 28.74% in the H treatment (28.70% in the full sample of 108 subjects assigned to the

H treatment) and 38.71% in the M treatment (38.81% in the full sample of 108 subjects

assigned to the M treatment).

Second, there is a notable gender difference in trustee decisions. Our analyzable sample

includes 80 male subjects (Reciprocate = 35, Middle = 8, Selfish = 37) and 100 female

subjects (Reciprocate = 51, Middle = 25, Selfish = 24). The difference is particularly

pronounced with regard to the Selfish option: while only 24% of female subjects chose this

option (23.97% in the full sample), 46.25% of male subjects selected it (47.37% in the full

sample). A two-sided Fisher Exact test for a 3×2 contingency table reveals that these

distributions are significantly different (p < 0.01). Consistent with the literature reviewed
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by Croson and Gneezy (2009), but not with Van Den Akker et al. (2020), we find that men

are significantly more likely to choose Selfish than women.33

Finally, we observe a significant difference in the level of a-insensitivity based on the op-

tion chosen for the trustee decision. Subjects who chose Selfish (61 subjects) have an average

a-insensitivity level of 0.19 (median = 0.1), while those who chose Middle (33 subjects) have

an average of 0.27 (median = 0.22), and those who chose Reciprocate (86 subjects) have an

average of 0.26 (median = 0.22). In other words, subjects with higher discriminatory power

between different levels of likelihood tend to choose the Selfish option more often, while

those with lower discriminatory power are more likely to choose the Middle or Reciprocate

options.

These findings highlight the importance of controlling for subjects’ trustee decisions

when analyzing their propensity to trust. Failing to do so would introduce omitted variable

bias, potentially distorting the regression parameters for the gender dummy, the treatment

dummy, the ambiguity-neutral first-order beliefs, and the a-insensitivity index.

5.2.2 Betrayal and ambiguity aversion

Based on the findings presented so far, we now proceed with analyzing the effect of treatment

assignment on subjects’ propensity to trust using the binary logit model in Table 6.

In addition to confirming the results found by Li et al. (2019) regarding the impact of

ambiguity attitudes and a-neutral first-order beliefs on the propensity to trust,34 Models 1

and 2 in Table 6 reveal a significant negative effect of the H treatment on subjects’ propen-

sity to trust (51.72% of subjects choose Trust in the H treatment versus 66.67% in the M

treatment). This provides strong evidence in support of H1.

33This result remains statistically significant when considering the full sample of 216 subjects (p < 0.001).
34As Li et al. (2019) found, we observe that (I) an increase in ambiguity aversion is associated with a

decrease in the propensity to trust, (II) an increase in pR−pS is associated with an increase in the propensity
to trust, and (III) that an increase in a-insensitivity is linked to a reduction in the propensity to act based
on a-neutral first-order beliefs.
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Logit model - Trustor Decision

Model 1 Model 2

Male 1.33*** 1.23****
(0.42) (0.35)

H treatment -0.78** -0.79**
(0.40) (0.35)

Ambiguity aversion -2.40** -2.16*
(1.03) (1.12)

a-insensitivity -0.65 -0.75
(0.93) (0.85)

pR − pS 4.14*** 4.09**
(1.61) (1.60)

a-insensitivity × (pR − pS) -6.86* -6.94**
(3.52) (3.21)

TrusteeR 0.70 -0.41
(0.66) (0.62)

TrusteeS -1.70**** -1.44****
(0.49) (0.40)

const 1.25* 1.07**
(0.68) (0.54)

Log Likelihood -96.14 -100.81
AIC 210.28 219.61

Table 6: Logit models with standard errors clustered by experimental session. Model 1 is
estimated based on the observations of subjects who failed less than 2 monotonicity tests
(175 subjects), Model 2 is estimated based on the observations of subjects who failed at
most 2 monotonicity tests (180 subjects).
∗p < 0.1; ∗∗p < 0.05; ∗∗∗p < 0.01; ∗∗∗∗p < 0.001
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Result 1: Consistent with H1, ceteris paribus, subjects are significantly less likely to

trust a human trustee than a Machine selection.

This evidence remains robust when using the subsample of subjects selected by Li et al.

(2019) (Model 1 from Table 6), which includes only subjects who failed fewer than two

monotonicity tests and who satisfy the conditions mC > mS and mij + mik ≥ mj + mk

for i, j, k = Reciprocate,Middle, Selfish. The results are consistent consistent with the

presence of betrayal aversion and with subjects associating a direct intention of betrayal

towards them with the Selfish choice made by a human partner, and not (or less) with the

selection of the Selfish option performed by a Machine.

We confirm the importance of ambiguity attitudes and ambiguity neutral beliefs, as

found by Li et al. (2019). However, in contrast to Li et al. (2020), we also identify a

significant treatment effect consistent with betrayal aversion. In our environment, both

ambiguity attitudes and betrayal aversion appear to coexist and contribute to explaining

the propensity to trust.

In addition to Result 1, two other noteworthy findings regarding the decision to trust

emerge.

(I) There is a significant gender difference in the propensity to trust (more on this in

Section 6.1).

(II) Ceteris paribus, subjects who chose the Selfish option for the trustee decision are

less likely to trust.

Regarding finding (II), to address any concerns about the potential overlap between the

variables pR − pS and TrusteeR(S) in conveying information about the propensity to trust,

we estimated the Variance Inflation Factors (VIFs) for the parameters of Model 2 in Table

6.35 As shown, there are no issues with multicollinearity. Although the two variables are

35The VIFs for the regressors included in the model are as follows: Male = 1.17, M treatment = 1.07,
Ambiguity aversion = 1.09, a-insensitivity = 1.17, pR − pS = 4.66, a-insensitivity × (pR − pS) = 4.74,
TrusteeR = 1.93, TrusteeS = 2.19.
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interdependent, they provide distinct information regarding the propensity to trust.

5.3 Hypotheses 5

To confirm that betrayal aversion is likely driving the lower trust observed in the H treatment,

we analyzed the emotions experienced by subjects during the trustor decision.

The analyzable sample for testing H5a and H5b consists of 169 observations. Given the

nature of the variables that measure the emotions experienced by the subjects—continuous

in (0, 1) for individual emotions and continuous in (-1, 1) for Valence—we testH5a andH5b

using Beta regression models, where the dependent variable is the average of the Valence or

one of the emotions that contribute to determine the Valence, as experienced by the subject

during the trustor decision. This analysis controls for the pre-stimulus emotional state at the

individual level, as is commonly done in psychology research (Höfling et al., 2020).36 This

control is crucial because we lack information about the emotional state with which subjects

enter the laboratory, as well as about the effects on their emotional state of what happened

from the start of the experiment until just before the trustor decision. Failing to control for

these factors would lead to biased estimates due to uncontrolled heterogeneity in individual

emotionality.

As shown in Table 7, we find no difference in the Valence experienced by subjects during

the trustor decision, regardless of the nature of the trustee decision maker.

Result 2a: The level of Valence manifested by subjects is not significantly different

between treatments.

Regarding the components that contribute to determining Valence, we find no significant

correlation between the H treatment and the expressed levels of happiness, sadness, or scare.

However, consistent with the relevant literature, we observe a significant positive correlation

36The pre-stimulus emotional state is the average emotional state during the 10 seconds preceding the
trustor decision, when subjects observed a waiting screen. Specifically, this is the average of each of the
seven emotions and Arousal during this 10-second period.
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Beta Regression - Emotions during the Trustor Decision

Valence Happiness Sadness Anger Scare

Male -0.03 -0.33* -0.15 0.14 -0.49****
(0.04) (0.18) (0.12) (0.20) (0.09)

H treatment -0.05 -0.00 -0.09 0.30*** 0.11
(0.04) (0.08) (0.15) (0.12) (0.12)

TrusteeR 0.03 -0.26 -0.19 0.01 -0.12
(0.08) (0.19) (0.16) (0.22) (0.21)

TrusteeS -0.01 -0.17 0.17 0.01 0.05
(0.08) (0.22) (0.23) (0.27) (0.23)

Ambiguity aversion 0.03 0.48** -0.43* 0.08 0.39
(0.12) (0.22) (0.22) (0.36) (0.33)

a-insensitivity 0.05 -0.19 -0.01 -0.30 0.47*
(0.06) (0.24) (0.18) (0.20) (0.25)

pR − pS -0.03 0.07 0.23** -0.30 0.29**
(0.08) (0.24) (0.09) (0.22) (0.14)

const -0.07 -3.76**** -2.76**** -3.02**** -4.73****
(0.12) (0.39) (0.36) (0.20) (0.35)

Pre-stimulus emotions Yes Yes Yes Yes Yes

Table 7: 169 observations. Beta Regression models with standard errors clustered by
experimental session. Since the variable Valence is defined in the interval (-1, 1), it was
transformed into y′ = (y − a)/(b− a) where a = −1 and b = 1.
∗p < 0.1; ∗∗p < 0.05; ∗∗∗p < 0.01; ∗∗∗∗p < 0.001
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(p = 0.009) between the H treatment and the anger experienced during the trustor decision.

Ceteris paribus, subjects appear to feel significantly more anger when the trustee decision

maker is human, as compared to when it is Machine.

Result 2b: The level of sadness, scare and happiness manifested by subjects is not

significantly different across treatments. Ceteris paribus, the subjects assigned to the H

treatment manifested a significantly higher level of anger than subjects assigned to the M

treatment.

This evidence aligns with the negative correlation between the H treatment and the

propensity to trust. The data suggest the following interpretation: during the trustor deci-

sion, the subjects reflect on the possible scenarios to which the choice to trust could lead;

in the H treatment, reflecting on the prospect in which the human trustee decision maker

chooses the Selfish option, they feel angry at the idea that the latter could carry out the

aforementioned action towards them, perceived as a betrayal, and are less inclined to trust.

On the contrary, in the M treatment this prospect is not (or less) perceived as a betrayal,

hence the subjects feel less anger and are more inclined to trust with no (or lower) non-

monetary betrayal cost associated with the prospect of being subjected to the selection of

the Selfish option by Machine.

As a further check, we verify if there is a treatment effect also on the remaining two emo-

tions measured by Noldus’ FaceReader, that are disgust and contempt. As shown in Table 8,

we find evidence that in the H treatment, in addition to anger, subjects experienced a higher

level of contempt. This is partially in line with previous evidence of an association between

the hostility triad (anger, contempt and disgust) and perceived betrayal (e.g. Tuzovic et al.,

2022).

36



Beta Regression - Disgust and Contempt

Disgust Contempt

Male -0.17 0.03
(0.12) (0.06)

H treatment 0.07 0.19***
(0.12) (0.07)

Ambiguity aversion 0.09 -0.13
(0.40) (0.38)

a-insensitivity -0.10 -0.20**
(0.37) (0.09)

pR − pS -0.19 0.39*
(0.33) (0.21)

TrusteeR 0.10 -0.10
(0.24) (0.17)

TrusteeS 0.02 0.04
(0.27) (0.13)

const -5.20**** -3.88****
(0.40) (0.27)

Pre-stimulus emotions Yes Yes

Table 8: 169 observations. Beta Regression models with standard errors clustered by
experimental session.
∗p < 0.1; ∗∗p < 0.05; ∗∗∗p < 0.01; ∗∗∗∗p < 0.001
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5.4 Hypotheses 6-7

Unfortunately, it is not possible to test H6-7 due to sample size limitations. The number of

subjects who chose to trust, were randomly selected for the role of trustor, and were exposed

to the Selfish option is only 20 (15 in the H treatment and 5 in the M treatment).

6 Additional findings

In this section, we present additional findings that were not included among the pre-registered

hypotheses but are believed to be of interest to the reader.

6.1 Gender differences in trustor and trustee behavior

As reported in Section 5.2.2, we find that men are more likely to trust than women (68.75%

vs 52%). This finding is consistent with the literature surveyed by Croson and Gneezy

(2009) and Van Den Akker et al. (2020). This difference is also confirmed by a two-tailed

Fisher Exact test (p = 0.03) when analyzing the subsample for which a-neutral expectations

regarding the other trustee’s decision and ambiguity attitudes are estimable.37 Here, we

report two other gender differences.

First, we report the following evidence regarding the intensity of scare experienced by

the subjects during the trustor decision: male subjects appear to have felt less scare than

female subjects (Table 7, p < 0.001). This finding is consistent with the lower propensity to

trust observed among female subjects compared to male subjects.

Second, we report a gender difference regarding the strategic nature of the trustor de-

cision. By comparing the trustor decision with the expected value of the Trust choice,

37In contrast, when looking at the complete dataset (64 women out of 121 chose to trust, 56 men out of
95 chose to trust), this difference is not significant. However, the 36 additional subjects exhibited choices
that were logically inconsistent, making it impossible to estimate their expectations and ambiguity attitudes.
Given that ambiguity attitudes are a determinant of trust, we believe including these subjects in the analysis
confounds the results due to their highly inconsistent or non-computable ambiguity attitudes and a-neutral
expectations.
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calculated as E[Trust] = pR × 15 + pM × 10 + pS × 8, we classify a subject as strategic if

she chooses Trust when E[Trust] ≥ 10 or Distrust when E[Trust] < 10. Conversely, we

classify a subject as non-strategic if she chooses Trust when E[Trust] < 10 or Distrust when

E[Trust] ≥ 10.38 In the subsample of 180 subjects with correctly estimable a-neutral expec-

tations about the other’s trustee decision, we find that 57 women are classified as strategic

(48 who chose Trust with E[Trust] ≥ 10 and 9 who chose Distrust with E[Trust] < 10),

while 43 women are classified as non-strategic (39 who chose Trust with E[Trust] < 10 and

4 who chose Distrust with E[Trust] ≥ 10). Among men, 61 are classified as strategic (53

who chose Trust with E[Trust] ≥ 10 and 8 who chose Distrust with E[Trust] < 10), and

19 are classified as non-strategic (17 who chose Trust with E[Trust] < 10 and 2 who chose

Distrust with E[Trust] ≥ 10). A two-tailed Fisher Exact test reveals a significant gender

difference (p < 0.01): the proportion of men classified as strategic (76.25%) is significantly

higher than the proportion of women classified as strategic (57%). This finding aligns with

the results of Buchan et al. (2008) in an investment game: men trust more than women,

women are more trustworthy than men, and the relationship between expected return and

trusting behavior is stronger among men than women.

6.2 Beliefs’ manipulation in order to morally justify the Selfish

choice

Revisiting the evidence in Table 3 and Fig. 6, if there were no cognitive biases other than self-

similar reasoning, we would expect (pR|TrusteeR) = (pS|TrusteeS), meaning that subjects

who choose Reciprocate and those who choose Selfish should believe that others are similar

to them to the same extent. However, as shown in Fig. 6, a different pattern emerges:

(pR|R) = 39.59% and (pS|S) = 45.19%. This suggests that subjects who chose Selfish

believe that others are more similar to them than those who chose Reciprocate. Assuming

38In the full subsample of 180 subjects with estimable a-neutral expectations, only one subject, a woman,
has E[Trust] = 10.
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that most subjects in our sample can be classified as homo moralis—the only evolutionarily

stable human category according to Alger and Weibull (2013)—it follows that the majority

of them should exhibit a convex combination of selfish and moral preferences. As a result,

even subjects who choose Selfish are likely to have some preference for morality and to derive

disutility from believing they are engaging in an immoral act, such as betrayal. However,

a selfish subject could maximize her economic gain while minimizing the non-monetary

disutility associated with committing an immoral act by convincing herself that the other

person, in her position, would choose the Selfish option as well. Thus, she would perceive

herself not as a betrayer committing an immoral act, but as merely adhering to a social

norm. A subject who chooses Reciprocate, on the other hand, would not gain from such

belief manipulation.39

To verify this aspect, we build a Self -similarityi index defined in [0, 1] capturing the

distance perceived by a subject between her own and another trustee decision:

Self − similarityi = 1−
pj ·Dij + pk ·Dik

max{D}
(4)

where {i, j, k} = {Reciprocate,Middle, Selfish},Dij =
√

(Xi −Xj)2 + (Yi − Yj)2 where

(Xi, Yi) is the payoff pair (PayoffTrustor, PayoffTrustee) resulting from trustee decision i, and

max{D} is the maximum possible distance given the available options for the trustee deci-

sion, i.e., DRS =
√

(15− 8)2 + (15− 22)2. Based on a two-tailed Wilcoxon rank sum test

(W = 1373, p < 0.001), we find that Self -similarityR (mean = 0.52, median = 0.47) is

significantly smaller than Self -similarityS (mean = 0.61, median = 0.53). We therefore find

evidence that subjects who chose Selfish believe that others are significantly more similar

to them than subjects who chose Reciprocate, consistent with the literature on motivated

39Gangadharan et al. (2024), through a Donation game, show that non-donors significantly underestimate
the percentage of donors (when beliefs are elicited in a way that does not reduce the salience of self-image
utility), while donors accurately estimate this percentage, regardless of the belief elicitation method. They
argue that donors preserve their self-image by donating and thus have no incentive to distort their beliefs
about others’ behavior, while non-donors have an incentive to underestimate the percentage of donors in
order to protect their self-image.
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reasoning (Gino et al., 2016).

Finally, we conduct a test to assess the accuracy of the subjects’ beliefs relative to their

actual choices. Specifically, we compute the sum of squared errors (SSE) between the

ambiguity-neutral expectations and the actual observed proportions (103, 39 and 74 subjects

chose Reciprocate, Middle and Selfish respectively). The SSE is measured as SSE =

(pR − pTrue
R )2 + (pM − pTrue

M )2 + (pS − pTrue
S )2. Based on a two-tailed Wilcoxon rank sum test

(W = 4946.5, p < 0.01), we find that the estimates from subjects who chose Reciprocate

(mean = 0.07, median = 0.04) are significantly closer to the true proportions than those

from subjects who chose Middle or Selfish (mean = 0.13, median = 0.05). These results are

consistent with the findings of Gangadharan et al. (2024).

7 Conclusions

We study the determinants of the decision to trust using the modified Trust game of Li et al.

(2019). We allow the respondent to be either a human, or a machine that statistically repli-

cates human behavior. We ask whether a cost of being betrayed by another human, betrayal

aversion, still emerges after controlling for ambiguity attitudes and sources of uncertainty.

Baillon et al. (2018) and Li et al. (2019, 2020) recently developed a methodology to

measure individuals’ ambiguity attitudes and demonstrated that both ambiguity attitudes

and the source of uncertainty influence the decision to trust in ways that could be misinter-

preted as a betrayal cost. This challenges the conclusions of previous studies that did not

control for these factors and raises questions about the existence of betrayal aversion itself.

In this study, we apply the novel methodology to control for subjects’ ambiguity attitudes,

allowing the trustee to be either a human or a machine that selects a response stochastically

based on the distribution of choices made by the population of human trustees. This second

treatment aims to keep the source of uncertainty (human decisions) unchanged while reducing

the trustor’s perception of the selfish response as an intentional act of betrayal. Additionally,
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we measure emotions during the trustor decision using the most recent methodologies.

We confirm that ambiguity attitudes are a crucial determinant of the decision to trust

and must be controlled for. However, we also find that subjects trust significantly less when

the trustee is a human rather than a machine, suggesting the presence of additional betrayal

costs associated with interacting with a human.

Moreover, we find that when deciding whether to trust, subjects experience significantly

more anger—an emotion that previous studies have linked to anticipated or experienced

betrayal costs—when interacting with humans rather than with machines.

Both the lower propensity to trust and the increased experience of anger when interacting

with humans are consistent with betrayal aversion being a significant determinant of trusting

behavior, alongside ambiguity attitudes.

In addition to the main findings, this study uncovers several additional results. First,

we find gender differences consistent with previous literature: males are more likely to trust

than females, and, in line with this, they experience lower levels of scare during the trustor

decision. Furthermore, females are more trustworthy than males, and males tend to make

the trustor decision in a more strategic manner. Second, we find that selfish subjects, ceteris

paribus, are less likely to trust than others and have a stronger belief that others are similar

to them, which aligns with the literature on motivated reasoning and self-serving beliefs’

manipulation.

Understanding the motivations behind individuals’ trust decisions is a key research ob-

jective, as effective policies aimed at achieving specific goals (e.g., increasing vaccination

uptake or boosting stock market participation) rely on these motivations. The identifica-

tion of betrayal aversion suggests that simply reducing perceived ambiguity or improving

expectations may not be enough. Policymakers must also account for the psychological costs

associated with the perceived source of an outcome. Future research could explore alter-

native treatments that mitigate betrayal aversion while maintaining a human trustee, or

investigate whether certain topics elicit stronger betrayal aversion than others.
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A Appendix A

In this Appendix, starting from the results derived and reported in Appendix C of Li

et al. (2019), we present the derivation of a condition that relaxes mij ≥ mi for all

{i, j, k} = {Reciprocate,Middle, Selfish}—which would imply the exclusion from the ana-

lyzable sample of subjects characterized by correctly estimated and analyzable values of a,

pR, pM and pS—that is necessary and sufficient to guarantee the inclusion in the analyzable

sample of all subjects with pR, pM and pS ranging from 0 to 1 and which sum to 1. After

a series of algebraic manipulations, Li et al. (2019) define the equations OC.5, OC.6, and

OC.7, which can be generalized and consolidated into the equation (3). Additionally, they

demonstrate that 1− a = 3(mC −mS), and substitute this term into equation (3), resulting

in the following expression:

pi =
mij +mik −mj −mk

2(mC −mS)
(5)

They ensure that pi > 0 through a priori assumptions. Specifically, mC > mS guarantees

that the denominator is positive, while mij ≥ mi ensures that the numerator is nonnegative.

The assumption mC > mS is strictly necessary to also guarantee that a < 1, which is a

required condition for the a-insensitivity index to yield meaningful values. On the other

hand, it is straightforward to verify that the assumption mij ≥ mi for {i, j} = {R,M, S}

is sufficient, though not necessary, to ensure that the numerator remains nonnegative. By

examining equation (5), it becomes clear that violating mij ≥ mj does not necessarily result

in a negative numerator, as Li et al. (2019) have empirically shown by including subjects

who failed a monotonicity test in the analyzable sample.

The solution we propose and adopt is to avoid assuming an excessively restrictive condi-

tion, such as mij ≥ mi for {i, j} = {R,M, S}, a priori. Instead, we work downstream of the

problem, assuming only the minimum conditions necessary to guarantee the nonnegativity
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of the numerator, namely:

mij +mik ≥ mj +mk for {i, j, k} = {R,M, S} (6)

Upon further reflection on this condition, it becomes apparent that it is not merely a math-

ematical constraint to ensure a nonnegative numerator. It also reflects a requirement for

the minimum logical consistency of the matching probabilities declared by the subjects.

Since the events {R,M, S} are mutually exclusive, it follows that mij can be interpreted as

mij = m̃i + m̃j and mik as mik = m̃i + m̃k. These expressions can then be substituted into

equation (6):

2m̃i + m̃j + m̃k ≥ mj +mk for {i, j, k} = {R,M, S} (7)

This last equation has a clear interpretation in terms of the minimum logical consistency of

the matching probabilities, both directly and indirectly declared by a subject. Specifically,

the sum of the matching probabilities for the single events j (m̃j) and k (m̃j), which are

indirectly declared through the matching probabilities of event compositions mij and mik,

plus the term 2m̃i, representing the matching probability of event i as indirectly declared

through mij and mik, must be no less than the sum of the matching probabilities directly

declared for events j and k.

B Appendix B

To assess whether it is likely that prosocial motivations influenced the difference in the

trustor decision between the two treatments, we examine whether there are differences in the

strategic nature of subjects’ choices to trust across the treatments. This analysis categorizes

subjects based on their expectations of the potential gain from choosing to trust, as detailed

in Section 6.1. The key intuition is that if the M treatment had induced subjects to trust

due to prosocial motivations, this would have occurred regardless of their expectations about
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E[Trust]. However, our analysis reveals no evidence supporting this hypothesis. Specifically,

among subjects with E[Trust] ≥ 10, 41 out of 73 (56.16%) chose to trust in the H treatment,

and 64 out of 84 (71.43%) chose to trust in the M treatment. Conversely, among subjects

with E[Trust] < 10, 4 out of 14 (28.57%) chose to trust in the H treatment, while 2 out of

9 (22.22%) chose to trust in the M treatment.
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