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Young adults gamble less when observed by peers 

Agnieszka Tymula1* and Jackson Whitehair1 

Abstract: 

The impact of peer presence on the choices made by young people is yet to be fully 

understood. Using an incentive compatible experiment, we investigate whether: (1) 

young people’s willingness to accept known and unknown risks varies when in the 

presence of an observer of the similar age compared to in private and (2) whether these 

preferences are affected by having observed peer’s decisions. We find that young adults 

do not gamble more when observed by peers, rather they become more ambiguity 

averse.  
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Introduction 
Most decisions, even if their payoffs affect the decision maker only, are made in a social 

context rather than in isolation. Our choices are exposed to the judgments of observers, 

just as we often can observe others’ decisions before we decide for ourselves. Social 

context is assumed to be an important factor in explaining behavior and its effect can be 

either positive or negative. In the context of risky behaviors of youth, the presence of 

peers is believed to lead to too much risk taking causing a loss in youth’s welfare. Driven 

by this observation, many governments have introduced various laws that for example 

prohibit young adults from driving with other young adults as passengers during initial 

months of having a motor vehicle license. Despite the common belief that peers’ 

presence has detrimental effect on youth behavior, the influence of observation on 

preferences has received only limited attention from economists both in terms of 

empirical evidence and theory.  In this paper, we analyze a lab experiment with 

monetary rewards to better understand how individual attitudes towards known and 

unknown risks are affected by observation.  

How and why observation affects behavior will depend fundamentally on how people 

are interacting with each other. In a review of the risk preferences under observation 

literature, Trautmann & Vieider (2011) categorize situations in which observation is 

potentially relevant into four distinct types: 1) a decision-maker’s choice is observed by 

another person; 2) a decision-maker observes another agent’s choice before deciding 

themselves; 3) a decision-maker’s choice determines or influences an observer’s 

outcome; and 4) a decision-maker’s outcome depends on another agent’s prior choice 

which they can observe. In this paper, we focus on situations where a decision-maker 

can only influence her own outcomes with no interdependence in monetary payoffs 

between the individuals (types 1 and 2 above).1 Our focus is on the role of observation 

of the decision-making rather than the observation of outcomes resulting from the 

decision. This class of decisions includes many important real-life situations most often 

decided in the presence of others, such as: choosing one’s own investment portfolio, 

insurance policy or retirement plan, participation in extreme sports; decisions about 

diet, truancy, usage of illegal substances, and gambling.  

 
1 For papers that study how the choice set that the others player faces affects own risk 
attitude see Linde & Sonnemans (2011) and Rohde & Rohde (2011).  
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Our goal is to offer a clean, separate measurement of the effect of observation on 

attitudes towards known and unknown risks. To do this, we defined risk attitudes 

according to economic theory (Neumann & Morgenstern, 1944) and adopted Knight’s 

distinction between attitudes towards known and unknown risks (Knight, 1921). We 

asked 310 participants in a laboratory experiment to make consequential decisions 

between monetary lotteries with known and unknown odds to estimate their attitudes 

towards risk and ambiguity. We then investigated whether individual preferences for 

risk and ambiguity under observation were different than in private, and whether 

having observed others’ decisions subsequently affected the individual’s choices. 

Although participants made decisions that had monetary consequences, risk attitudes 

measured in this way have been associated with a wide range of behaviors outside 

financial domain, including health behaviors (Anderson & Mellor, 2008), misbehavior in 

school (Castillo, Jordan, & Petrie, 2018), consumption of genetically modified food (Lusk 

& Coble, 2005), and consumer choice (Muthukrishnan, Wathieu, & Xu, 2009). 

Our results indicated that when observed by peers, young people took less risks with 

unknown (ambiguous) probabilities relative to when they were making decisions in 

private. The tendency to take risks with known probabilities was on average unaffected.  

Participants who acted as observers before making their own choices in private were 

not significantly more or less risk or ambiguity averse than those who had not yet been 

observers. Observers also showed no signs of conformity in attitudes to those they had 

observed.  

2. Materials and methods 

310 volunteers (149 male, mean age 22.28 with standard deviation 3.95) were 

recruited using ORSEE (Greiner, 2004) from the participant pool at the University of 

Sydney. The data was collected over 20 experimental sessions in August 2014 and June-

August 2016 using zTree software (Fischbacher, 2007). Each session lasted 

approximately 50 minutes. The study was approved by the Human Research Ethics 

Committee at the University of Sydney. Figure 1 presents the timeline of the 

experiment. Appendix A contains the complete instructions as they were read aloud by 

the experimenter and shown on the computer screens in each session. 

2.1 Experimental task 
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To assess participants’ risk and ambiguity attitudes we asked them to choose between 

receiving a guaranteed $15 and a lottery where they could win some money or get 

nothing. Participants could also indicate indifference between the options. If they were 

indifferent, the program would randomly allocate them to either the lottery or the fixed 

option with equal chance. Figure 2 illustrates examples of a risky and an ambiguous 

trial. Participants were not allowed to skip trials. The guaranteed $15  was always 

available but the parameters of the lottery changed from trial to trial for a total of 90 

unique choice situations, which appeared in a random order unique to each participant. 

There were 15 reward levels ranging from $15 to $91 as listed on the left column of 

Table D.1 in Appendix D. Half of the trials  were risky with the exact odds of winning 

known (25%, 50%, or 75%). The other half of the trails were ambiguous with the odds 

of winning not precisely known but instead given as bounded within a certain range. 

For example, if as in Figure 2B ambiguity was equal to 50%, participants were told that 

they have at least 25% chance of winning and at least 25% chance of losing. Participants 

were also told that each of the possible winning probabilities within this range was 

equally likely to be implemented (which was indeed the case). The middle of that range 

was always at 50% chance of winning. The level of ambiguity about the true odds of 

winning was either 25%, 50%, or 75%. The lottery parameters (amounts and winning 

probabilities) were chosen to allow for identification of extreme attitudes to risk and to 

precisely differentiate the participants at the most commonly observed levels of risk 

aversion. Table D.1 in Appendix D shows the CRRA utility curvature cut-off estimates 

implied by our task. 

6 out of the 90 trials were designed to test participants’ rationality and understanding 

of the task. They featured a choice between a guaranteed $15 and a lottery that offered 

exactly the same amount, $15, at a probability known to be strictly lower than 100%.  

Any participant who satisfied preference monotonicity should have picked the 

guaranteed $15 option as it first-order stochastically dominated the lottery.  

2.2 Observation implementation 

Upon arrival in the lab, the participants were seated at computer stations and randomly 

assigned to be either the Choice-Makers or Observers. Each Choice-Maker completed 

the task in private (private condition) as well as while watched by an Observer 

(observed condition). Half of the Choice-Makers started with the observed condition 
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(Order 1 in Figure 1) and the other half with the private condition (Order 2 in Figure 1). 

By comparing the behavior of each Choice-Maker in the private and observed 

conditions, we could address how decision-making differs with and without observation 

using a within-participant analysis. Additionally, we can address the same question in a 

between-participant analysis by comparing the choices made only in stage 2 (Figure 1) 

by Choice-Makers in Order 1 (observed) and in Order 2 (private). 

The Observers completed the task only once and in private. Half of the Observers 

completed the task prior to observing the Choice-Maker’s decisions (Order 2) and the 

other half afterwards (Order 1). A between-participant comparison of participants who 

completed the task after observing choices made by Choice-Makers and Observers who 

completed the task before observation, was used to investigate how observing others 

influences decision-making.  

Our lab consists of 32 computer stations organized as four rows with eight computer 

stations separated by an aisle in the middle. Figure D.1 presents an illustration of 

seating arrangements in the private and observed conditions. To ensure maximum 

privacy in the private condition, participants were randomly allocated to seats such that 

the cubicle(s) next to them were always unoccupied. In the observed condition, each 

Observer would get up from their allocated seat and move to sit in the seat beside their 

partnered Choice-Maker. The pairs were formed randomly such that the two people 

who sat in the same row of four cubicles were never matched together, meaning that 

they were only physically close to their partner in the observed condition.  

We took the following measures to guarantee that participants felt observed in the 

observed condition and that observation was equally intense across the pairs of 

participants: Firstly, the physical distance between the Observer and the Choice-Maker 

was controlled by strapping their chairs together. The participants were also explicitly 

instructed to ensure that the Observer was in a position to clearly see the Choice-

Maker’s screen. Secondly, participants were told in advance that the Observers were 

financially incentivized to pay attention to their decisions. At the end of the experiment 

Observers were tested on their ability to recall three randomly selected Choice-Maker’s 

choices that they witnessed and earned $1 for each correct answer (stage 4 - Test in 

Figure 1). Observers were not permitted to write down any notes while observing. To 

equalize the opportunity for earnings, at the same time each Choice-Maker was asked to 
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guess three of her Observer’s choices. Choice-Makers and Observers were not allowed 

to communicate verbally.  

Participants were told explicitly that the decisions made in the observed choice stage 

would only impact the Choice-Maker’s payoffs and that the Observer would not be 

informed of the outcomes for the Choice-Maker resulting from their choices. 

After they completed the main task and the test, all participants filled in a questionnaire 

about their demographics, perceptions of their partner and themselves, and the overall 

aims of the experiment (see full questionnaire in Appendix B).  

2.3 Payment 

Participants were paid according to their choice on one randomly selected trial. 

Participants were informed that a random number would be generated by the computer 

program to determine lottery outcomes. After finishing the questionnaire, the 

participant’s screen displayed the payment trial indicating participant’s choice (or 

computer’s choice if indifferent) and the outcome of the choice if the lottery was 

selected. The final screen displayed the participant’s overall payout from the session 

including the results from the test about their partner’s choices (up to $3) and the $5 

show-up fee. Participants made on average $32.62 (standard deviation: $25.59). 

One could argue that because earnings from the lottery were determined by the 

computer (rather than for example a physical draw of a ball from an urn), participants 

could have suspected that the experimenters skewed the real odds of winning to 

minimize the cost of the experiment. To investigate whether this is an issue, we 

compared structural risk and ambiguity estimates of Observers and Choice-Makers 

making decisions in private (see Appendix C for description) to a corresponding sample 

of 21-25-year-olds from Tymula et al. (2013). In Tymula et al. (2013), lottery outcomes 

were realized by participants who drew a chip from a bag that contained the 

corresponding distribution of red and blue chips. In that study, the authors had no 

credible way to skew the odds of winning against the participants because in half of the 

trials blue chips and in the other half red chips were the winning ones. Furthermore, 

participants knew that they could investigate the number of chips in each bag at the 

conclusion of the experiment and the bags remained in the experimental room during 

the session. We found that risk and ambiguity estimates in these two samples were not 
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different suggesting that participants in our study did not display unusual levels of 

distrust towards the payment procedure by avoiding risky and ambiguous lotteries.2  

3. Results 

Participants chose lotteries that paid more and lotteries with larger winning 

probabilities more often, indicating that they understood the task.   Participants chose 

ambiguous lotteries less often than risky lotteries and less often as the ambiguity level 

increased from 25% to 75%, consistent with widely observed ambiguity averse 

preferences in the domain of gains in similar studies (Kocher, Lahno, & Trautmann, 

2018). The first-order stochastically dominated lottery of $15 (the other alternative was 

$15 with certainty) was chosen only 1.5% of the time. 32 participants (21 Choice-

Makers) violated dominance at least once. 11 participants (7 Choice-Makers) violated 

dominance twice or more. Excluding those who violated dominance more than once did 

not qualitatively change the results. When we excluded all participants who violated 

dominance at least once, the significance of one result diseappeared as described below. 

3.1 Estimation of risk and ambiguity attitudes 

The experimental design allowed for both model-free and structural analysis of risk and 

ambiguity preferences. In this section, we present model-free measures that give a 

simple metric for the observed preferences of participants. Structural estimates are in 

the Appendix C. We calculated an individual’s risk attitude as the proportion of times 

that the lottery was selected in the risky trials with known probabilities: 

𝑟𝑖𝑠𝑘 𝑎𝑡𝑡𝑖𝑡𝑢𝑑𝑒 =
𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑟𝑖𝑠𝑘𝑦 𝑙𝑜𝑡𝑡𝑒𝑟𝑦 𝑤𝑎𝑠 𝑐ℎ𝑜𝑠𝑒𝑛

𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑟𝑖𝑠𝑘𝑦 𝑙𝑜𝑡𝑡𝑒𝑟𝑦 𝑤𝑎𝑠 𝑜𝑓𝑓𝑒𝑟𝑒𝑑
 

The higher this estimate, the more risk tolerant the participant. Calculating individual 

ambiguity attitude was slightly more complicated because when an individual chooses 

an ambiguous lottery more often, it may be related to being less averse to ambiguity or 

less averse to risk. Therefore, an estimate of individual ambiguity attitude must account 

 
2 The average risk tolerance in our sample was 0.583 (95% confidence interval: (0.540-
0.625)) and in Tymula et al. (2013) it was 0.535 (95% confidence interval: (0.4456-
0.614)). The ambiguity tolerance in our sample was -0.340 (95% confidence interval: (-
0.401,-0.278) and in Tymula et al. (2013) it was -0.452 (95% confidence interval: (-
0.593,-0.310)). 
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for individual risk tolerance. As the ambiguity was always centered around the 50% 

chance of winning, we corrected the ambiguity attitude using the proportion of 

participant’s lottery choices in the risky trials with 50% chance of winning: 

𝑎𝑚𝑏𝑖𝑔𝑢𝑖𝑡𝑦 𝑎𝑡𝑡𝑖𝑡𝑢𝑑𝑒

=
𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑎𝑚𝑏𝑖𝑔𝑢𝑜𝑢𝑠 𝑙𝑜𝑡𝑡𝑒𝑟𝑦 𝑤𝑎𝑠 𝑐ℎ𝑜𝑠𝑒𝑛

𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑎𝑚𝑏𝑖𝑔𝑢𝑜𝑢𝑠 𝑙𝑜𝑡𝑡𝑒𝑟𝑦 𝑤𝑎𝑠 𝑜𝑓𝑓𝑒𝑟𝑒𝑑

−
𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 50 − 50 𝑙𝑜𝑡𝑡𝑒𝑟𝑦 𝑤𝑎𝑠 𝑐ℎ𝑜𝑠𝑒𝑛

𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 50 − 50 𝑙𝑜𝑡𝑡𝑒𝑟𝑦 𝑤𝑎𝑠 𝑜𝑓𝑓𝑒𝑟𝑒𝑑
 

The higher this estimate, the more ambiguity tolerant the participant was.  

We found that risk and ambiguity attitudes of Choice-Makers and Observers did not 

significantly differ by order and therefore we pooled the data from both orders together 

for analysis.3  

3.2 Effects of being observed  

Figure 3 plots the estimates of individual risk (panel A) and ambiguity (panel B) 

preferences in private against under observation. If the individuals were making 

identical choices in both conditions all the observations would have fallen on the black 

45-degree line. If observation systematically made them more averse (tolerant) the 

observations would have fallen to the left (right) of the 45-degree line. For both risk and 

ambiguity attitudes, the observations are spread on both sides of the 45-degree line and 

there is a lot of heterogeneity in how participants changed their behavior when 

observed.  

On aggregate, we found that the participants were more ambiguity averse when 

observed. Mean ambiguity tolerance in the private stage was significantly higher than in 

the observed stage (-0.146 versus -0.187, p=0.002 in a paired t-test). This is equivalent 

to a difference of 0.2 of standard deviations between the observed and private 

condition.  A significant effect for risk attitudes was not evident. Participants chose the 

risky option 0.465 of the time in the private and 0.475 in the observed condition 

 
3 The average risk attitude of Choice-Makers in Order 1 was 0.477, which is not 
significantly different from 0.464 in Order 2  (two-sided p=0.634). Ambiguity attitude in 
Order 1 was -0.187, which is not significantly different from -0.147 in Order 2 (two-
sided p=0.226). Observers’ risk attitude in Order 1 was 0.476 versus 0.451 in Order 2 
(two-sided p=0.418). Observers’ ambiguity attitude in Order 1 was -0.195 versus -0.171 
in Order 2 (two-sided p=0.486). Results are based on unpaired t-tests. 
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(p=0.163), which is equivalent to a difference of 0.059 of standard deviations between 

the observed and private condition (although not significant). Given the lack of pre-

existing literature on the effect sizes expected in this kind of study, we conducted an ex-

post power analysis. With a sample size of 155 Choice-Makers, assuming alpha=0.05 

and power=0.80, effect sizes of 0.205 standard deviations or more could be detected.  

3.2.1 Gender effects 

Both males (-.195 in private versus -0.244 when observed, p=0.021) and females (-

0.103 in private versus -0.137 when observed, p=0.044) were more ambiguity averse 

when observed. Neither males (0.510 in private versus 0.513 when observed, p=0.745) 

nor females (0.427 in private versus 0.442 when observed, p=0.113) showed a 

significant change in risk attitude under observation. Comparing risk and ambiguity 

attitudes of male and female Choice-Makers in the private condition, we found that 

compared to women, men were more risk taking (0.510 for men versus 0.427 for 

women, p=0.004) and more ambiguity averse (-0.195 for men versus -0.103 for women, 

p=0.005). Similarly, under observation males were more risk tolerant but more 

ambiguity averse than females. 

To explicitly test whether age and gender of Choice-Makers and their Observers 

mediated the effect of observation on attitudes towards risk and ambiguity, for each 

Choice-Maker we calculated two indexes: 1) the difference in risk attitude when 

observed and in private and 2) the difference in ambiguity attitude when observed and 

in private. Table 1 presents the results of regressing these indexes on Choice-Maker’s 

and Observer’s age and gender. None of these independent variables were significant 

suggesting that neither age or gender of the Choice-Makers and Observers mediated the 

effect of observation.  

3.2.2 Between-participant analysis 

There is a possibility that Choice-Makers wanted to remain consistent in their choices 

made in private and under observation. If this were the case, our within-participant 

estimates of the effect of observation could have understated the effect of observation. 

The desire for consistency should not play a role in a between-participant analysis so 

we additionally compared the first set of choices that Choice-Makers made in Order 1 

(under observation) with the first set of choices that different Choice-Makers made in 
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 10 

Order 2 (in private). We found that the between-participant results were consistent 

with the earlier within-participant analysis.  Observed Choice-Makers (Order 1) were 

more ambiguity averse than those who made decisions in private (Order 2) (-0.211 

versus -0.130, p=0.022).4  However, there was no difference between risk attitudes in 

private (Choice-Makers in Order 2) and under observation (Choice-Makers in Order 1) 

(0.455 versus 0.478, p=0.387).  

3.3 Preferences after observing another participant 

All study participants assigned to the role of the Observer completed the task only once 

and in private. Half of the Observers completed the task before they observed Choice-

Maker’s choices (Order 2) and half after (Order1). Observers in Order 1 could have 

potentially conformed with the preferences of the Choice-Maker that they observed. 

However, we found no significant correlation between the risk (Pearson correlation 

coefficient = 0.114, p=0.326) or ambiguity (Pearson coefficient = 0.037, p=0.751) 

attitudes of Observers and the Choice-Makers that they observed. The left panels of 

Figure 4 show scatterplots of risk tolerance and ambiguity tolerance in Order 1. 

Moreover, simply having observed another person perform the same task did not shift 

risk or ambiguity attitudes in a uniform direction. Observers in Order 2 did not choose 

the risky lotteries more, or less often on average in comparison with Observers in Order 

1 who that had a chance to observe somebody else before deciding (0.476 of risky 

choices in Order 1 and 0.450 of risky choices in Order 2, p=0.418). There was no general 

effect on ambiguity attitude as well (-0.195 in Order 1 and -0.171 in Order 2, p=0.486).  

3.3.1 Gender effects 

To investigate whether gender affected conformity in behavior, for each Observer in 

Order 1 (i.e. for Observers who watched Choice-Makers’ decisions before making their 

own decisions) we calculated the difference between their risk (ambiguity) attitude and 

the risk (ambiguity) attitude of their partner. We then regressed this index on 

Observer’s and their partner’s gender and age with the results shown in Table 2. None 

 
4 We note that this result becomes weaker when we exclude participants who violated 
first order stochastic dominance at least once (-0.194 versus -0.145, p=0.191). When we 
exclude only those who violated dominance twice or more, the result remains 
significant. 
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of these independent variables were significant, suggesting that neither age nor gender 

affected conformity. 

4. Discussion 

A growing body of literature in economics (see Trautmann & Vieider (2011) for review) 

and psychology (Albert, Chein, & Steinberg, 2013; Weigold & Schlenker, 1991) has 

produced mixed experimental results on how people’s risk behaviors change when they 

are observed by others. To better understand these changes, we separately measured 

individuals’ attitudes to risk and ambiguity under three conditions: in private, under 

observation, and after having observed somebody else’s decisions. We focused on young 

adults, an age group believed to be particularly sensitive to observation by peers. 

Results indicated that individuals on average became more ambiguity averse when they 

were observed.  This change in preferences happened even though the observation 

manipulation was quite subtle. There was no interdependence in payoffs, and 

participants, in the clear majority of cases, had never met their observer before.5 This 

result is consistent with earlier literature that established that when held accountable 

for their choices (for example asked to announce their choice in front of a group), 

people become more ambiguity averse (Curley, Yates, & Abrams, 1986; Trautmann, 

Vieider, & Wakker, 2008, Baltussen et. al. (2016)). It is important to note that we used 

different methodology than the earlier studies (Curley et al., 1986; Trautmann et al., 

2008) which elicited ambiguity attitudes using the traditional Ellsberg (1961) design. 

The fact that this study elicited the same effect with a lottery choice task and a subtler 

observation treatment can be taken as evidence of the robustness of the effect. Similar 

effects have been established in the domain of consumer choice where participants who 

anticipated that others would be evaluating their choices, tended to prefer established 

brands to less-known brands (Muthukrishnan et al., 2009).  

The ambiguity attitude finding is contrasted with the lack of significant impact on risk 

attitudes. Contradictory to common wisdom, the risk attitudes of participants in our 

study were not generally affected when individuals made decisions under observation 

 
5 Only 1.29% of participants reported that they have met their partner before. 3.87% of 
participants reproted that they have seen their partner before. 
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compared to in private, even when analyzed separately by gender. Previous findings on 

how risk attitudes change under observation were mixed. Baltussen et al., (2016) found 

that participants made more risk-averse choices when observed by a large audience. 

Weigold & Schlenker (1991), using a hypothetical lottery task, found that participants 

self-identifying as low risk-taking were more risk averse in their choices but there was 

no change in behavior for those who self-identified as high risk-takers. In contrast to 

these findings, Gardner & Steinberg, (2005) and Silva, Chein, & Steinberg, (2016) found 

that when participants believe to be observed by a peer, they are more risk taking in a 

driving game and are more likely to choose mixed lottery gambles (Smith, Chein, & 

Steinberg, 2014). These mixed results may suggest that risk attitudes do not change 

under observation under all circumstances (as in our study), or not strongly, or that a 

different preference than risk attitudes drove some of the previously reported results. 

There are reasons why our findings may differ from previously reported mixed results. 

In this study, we defined risk attitude using a precise and narrow economic definition 

and measured it using monetary incentives. The broader meaning that risk attitude has 

in psychology or in everyday language often depends on the context and may reflect 

risk attitude (as defined in our paper), patience, self-control, irrationality, learning 

abilities, subjective beliefs and other factors.  It is thus possible that something other 

than economic risk attitude drove the behavioral change in some of the previous studies 

that employed a more general concept of risk taking. Moreover, our procedure of 

observation seems subtler than in previous studies and may thus put us below a 

threshold for measurable change in attitude. Previous studies involved either larger 

crowds of observers or observers known to the decision-maker, perhaps making the 

observation more salient. If this is the case, then the replication of the finding that 

people become more ambiguity averse when observed is even more notable.  

Previous research has demonstrated that in many types of situations people follow to 

do what they observed others do, however only a few studies considered attitudes 

towards risk and ambiguity. In terms of decision making under risk, in a series of 

interviews Jaccard, Blanton, & Dodge (2005) found moderate to strong correlations 

between risk-taking behaviors of adolescent friends. Sutter (2009) found that private 

investment choices of the participants who performed the task earlier in a group were 

closer to the previous group decisions than the choices of those who only ever decided 

privately. Lahno & Serra-Garcia (2015) found that people imitated the decisions of 
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others when making decisions between safe and risky options, with conformity more 

likely if the other person selected the safer alternative. Cooper & Rege (2011), using a 

within-subject design, provided convincing evidence that “social regret” is the 

mechanism driving change in risk and ambiguity attitudes after observing others’ 

choices. Our study contributes to this discussion in the literature by documenting a 

situation where no conformity in choices was observed. One difference between our 

study and previously published papers is that our task involved making many lottery 

choices which could have made it harder for participants to copy previously observed 

decisions of others. 

Summing up, the young people in our study became more ambiguity averse when 

observed but their risk attitudes were not affected by observation. More work is needed 

to understand whether these findings would be different for different incentives, or if 

the observers were known to the decision-makers for example from work or school, or 

if the socioeconomic and demographic characteristics of observers and the observed 

varied.  

Acknowledgments 

  

Acc
ep

ted
 M

an
us

cri
pt



 14 

Bibliography  

Albert, D., Chein, J., & Steinberg, L. (2013). The Teenage Brain: Peer Influences on 
Adolescent Decision Making. Current Directions in Psychological Science, 22(2), 
114–120. http://doi.org/10.1177/0963721412471347 

Anderson, L. R., & Mellor, J. M. (2008). Predicting health behaviors with an experimental 
measure of risk preference. Journal of Health Economics, 27(5), 1260–1274. 
http://doi.org/10.1016/j.jhealeco.2008.05.011 

Baltussen, G., van den Assem, M. J., & van Dolder, D. (2016). Risky Choice in the 
Limelight. Review of Economics and Statistics. 
http://doi.org/10.1162/REST_a_00505 

Castillo, M., Jordan, J. L., & Petrie, R. (2018). Children’s rationality, risk attitudes and 
field behavior. European Economic Review, 102, 62–81. 
http://doi.org/10.1016/J.EUROECOREV.2017.12.002 

Cooper, D. J., & Rege, M. (2011). Misery loves company: Social regret and social 
interaction effects in choices under risk and uncertainty. Games and Economic 
Behavior. http://doi.org/10.1016/j.geb.2010.12.012 

Curley, S. P., Yates, J. F., & Abrams, R. A. (1986). Psychological sources of ambiguity 
avoidance. Organizational Behavior and Human Decision Processes, 38(2), 230–256. 
http://doi.org/10.1016/0749-5978(86)90018-X 

Ellsberg, D. (1961). Risk, Ambiguity, and the Savage Axioms. The Quarterly Journal of 
Economics, 75(4), 643. http://doi.org/10.2307/1884324 

Fischbacher, U. (2007). Z-Tree: Zurich toolbox for ready-made economic experiments. 
Experimental Economics, 10, 171–178. http://doi.org/10.1007/s10683-006-9159-
4 

Gardner, M., & Steinberg, L. (2005). Peer influence on risk taking, risk preference, and 
risky decision making in adolescence and adulthood: an experimental study. 
Developmental Psychology, 41(4), 625–35. http://doi.org/10.1037/0012-
1649.41.4.625 

Greiner, B. (2004). An Online Recruitment System for Economic Experiments. Forschung 
Und Wissenschaftliches Rechnen, GWDG Bericht 63, 79–93. 

Jaccard, J., Blanton, H., & Dodge, T. (2005). Peer influences on risk behavior: an analysis 
of the effects of a close friend. Developmental Psychology, 41(1), 135–47. 
http://doi.org/10.1037/0012-1649.41.1.135 

Knight, F. H. (1921). Risk, Uncertainty, and Profit. New York: Houghton Mifflin. 

Kocher, M. G., Lahno, A. M., & Trautmann, S. T. (2018). Ambiguity aversion is not 
universal. European Economic Review, 101, 268–283. 

Lahno, A. M., & Serra-Garcia, M. (20015). Peer effects in risk taking: Envy or conformity? 
Journal of Risk and Uncertainty, 50, 73–95. 

Linde, J., & Sonnemans, J. (2011). Social comparison and risky choices. Journal of Risk 
and Uncertainty, 44(1), 45–72. http://doi.org/10.1007/s11166-011-9135-z 

Lusk, J. L., & Coble, K. H. (2005). Risk Perceptions, Risk Preference, and Acceptance of 
Risky Food. American Journal of Agricultural Economics, 87(2), 393–405. 

Acc
ep

ted
 M

an
us

cri
pt



 15 

http://doi.org/10.1111/j.1467-8276.2005.00730.x 

Muthukrishnan, A. V., Wathieu, L., & Xu, A. J. (2009). Ambiguity aversion and the 
preference for established brands. Management Science, 55(12), 1933–1941. 
http://doi.org/10.1287/mnsc.1090.1087 

Neumann, J. von, & Morgenstern, O. (1944). Theory of Games and Economic Behavior. 
Princeton University Press. 

Rohde, I. M. T., & Rohde, K. I. M. (2011). Risk attitudes in a social context. Journal of Risk 
and Uncertainty, 43(3), 205–225. http://doi.org/10.1007/s11166-011-9127-z 

Silva, K., Chein, J., & Steinberg, L. (2016). Adolescents in Peer Groups Make More 
Prudent Decisions When a Slightly Older Adult Is Present. Psychological Science. 
http://doi.org/10.1177/0956797615620379 

Smith, A. R., Chein, J., & Steinberg, L. (2014). Peers increase adolescent risk taking even 
when the probabilities of negative outcomes are known. Developmental Psychology, 
50(5), 1564–8. http://doi.org/10.1037/a0035696 

Sutter, M. (2009). Individual behavior and group membership: Comment. American 
Economic Review, 99(5), 2247–2257. 

Trautmann, S. T., & Vieider, F. M. (2011). Social influences on risk attitudes: Applications 
in economics. In Handbook of risk theory (pp. 575–600). 

Trautmann, S. T., Vieider, F. M., & Wakker, P. P. (2008). Causes of ambiguity aversion: 
Known versus unknown preferences. Journal of Risk and Uncertainty, 36(3), 225–
243. http://doi.org/10.1007/s11166-008-9038-9 

Tymula, A., Rosenberg Belmaker, L., Ruderman, L., Glimcher, P. W., & Levy, I. (2013). 
Like cognitive function, decision making across the life span shows profound age-
related changes. Proceedings of the National Academy of Sciences of the United 
States of America, 110(42), 17143–8. http://doi.org/10.1073/pnas.1309909110 

Weigold, M., & Schlenker, B. (1991). Accountability and risk taking. Personality and 
Social Psychology Bulletin, 17(1), 25–29. 
http://doi.org/10.1177/0146167291171004 

 

 

 

  

Acc
ep

ted
 M

an
us

cri
pt



 16 

Figures and Tables 
 
 
Figure 1. The timeline of the experiment. Half of the sessions were run in Order 1 
and half in Order 2. Private indicates that all participants made choices in private. 
Observed indicates that Choice-Makers made choices under observation. Observer 
indicates when the Observers did not make any choices but instead acted as observers 
of Choice-Makers.  
 

 
 
 
Figure 2. A screenshot of A) a risky and B) an ambiguous trial. In A) the participant 
is choosing between $15 for sure and 75% chance of $60. In B) the participant is 
choosing between $15 or an ambiguous chance of winning $60. The true odds of 
winning are between 25% and 75% as depicted by the gray occluder. Participants 
indicated their choice by pressing one of the three buttons in the bottom of the screen 
(left, indifferent, or right). The side where the lottery and fixed $15 option appeared and 
the winning lottery color were randomized on each trial.  
[colour required] 
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Figure 3. Relationship between A) risk and B) ambiguity attitude estimates in 
private and under observation.  Each dot is one individual’s risk (A) or ambiguity (B) 
attitude in private (y-axis) plotted against this individual’s attitude under observation 
(x-axis). The green lines indicate risk and ambiguity neutral attitude. Black 45-degree 
line indicates no change in attitude. Red (blue) line is the the best linear fit through all 
the observations and the gray region is the 95% confidence interval. 
[colour required] 
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Figure 4. Relationship between Observer’s and Choice-Maker’s preferences. Each 
Observer’s estimate of risk and ambiguity attitude is plotted against the risk and 
ambiguity attitude of the Choice-Maker that he observed. In Order 1 on the left (2 on the 
right) the Observer made choices after (before) having observed the Choice-Maker’s 
choices. Best fit lines are plotted in each graph. 
[colour required] 
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Table 1. Age and gender did not mediate the effect of observation on Choice-
Makers’ behavior. The dependent variables are the difference between Choice-Maker’s 
attitudes when observed and in private.  
 

  Risk Change Ambiguity Change 

Male -0.011 -0.016 

 (0.015) (0.027) 

Age 0.001 0.001 

 (0.002) (0.003) 

Male Partner 0.021 -0.013 

 (0.015) (0.028) 

Partner's Age 0.001 0.005* 

 (0.002) (0.003) 

Constant -0.040 -0.162* 

 (0.057) (0.095) 

N 155 155 

+ p<0.10, * p<0.05, ** p<0.01, *** p<0.001 
 
 
Table 2. Age and gender did not mediate the effect of observation on Observer’s 
behavior. The dependent variable Risk (ambiguity) difference is the difference between 
Observer’s and Choice-Maker’s risk (ambiguity) attitude.  
 

 Risk difference Ambiguity difference 

Male 0.015 -0.017 

 (0.047) (0.075) 
Age 0.007 -0.008 
 (0.004) (0.009) 

Male Partner -0.034 0.066 
 (0.048) (0.076) 
Partner's Age 0.001 0.002 

 (0.006) (0.009) 
Constant -0.171 0.141 
 (0.147) (0.279) 

N 77 77 

+ p<0.10, * p<0.05, ** p<0.01, *** p<0.001 
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Appendix A. Instructions 
Opening Instructions  

Thank you for taking the time to participate in today’s study with the School of 
Economics. The School of Economics has no deception policy when undertaking 
experimental studies. This session will run for around 60 minutes. As the session 
progresses you will be updated with instructions on what will be involved in the next 
part. Please let the supervisor know if you do not understand something along the way 
by raising your hand.  

The choices you are making during the study are important because some of your 
payment will be based on them. There are no wrong choices in this experiment. We will 
ask you to state your preferences and by responding truthfully you make sure that you 
receive your preferred payment.  

Task: 

In this experiment, you will be repeatedly choosing between different monetary 
options. In every trial, you will be offered a choice between a fixed amount of $15 and a 
lottery with a chance to win a given amount or nothing. The dollar amounts are in real 
Australian dollars. The lotteries will vary between each trial by the probability of 
winning and the amount possible to win.  

The lottery will be displayed as a rectangle split into two colour regions. The top colour 
will always represent the probability of winning and the bottom the probability of 
losing. However between trials the winning and losing areas may be represented in red 
or blue.  

Select your preferred monetary option by clicking one of the red buttons underneath 
the corresponding option, labelled Left and Right. If you don’t have a preference 
between these two choices select the Indifferent option. 

The screen may look like the following page:  

[colour required] 
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[colour required] 

 

Some lotteries will have their proportions obscured by a grey box, such that you can 
only know the minimum chance of winning and a minimum chance of losing. If you are 
paid in this ambiguous lottery, the probability of winning will be randomly determined 
by the program. The probability can be any value between the minimum and maximum 
chance of winning, with each value equally likely to be selected. 

Your screen may look like the following page: 
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Payment 

At the end of the session, the computer will randomly choose one of the trials for 
payment. Your choice on this trial will determine your payment.  

If on that trial you chose the fixed amount, you will receive that fixed amount for sure.  

If you chose the lottery, it will be played by the computer. A random number between 0 
and 100 will be generated from a uniform distribution, meaning that each number is 
equally likely to be selected. If the number is less than the shown probability of winning, 
you will receive the winning amount at the top of the lottery display. If the number is 
greater than the winning probability, you will receive nothing. 

If you chose Indifferent then your choice will be allocated to either the fixed amount 
or the lottery will a 50-50 chance, using a separately generated random number.  

You will also receive a $5 show-up payment regardless of the task outcomes.  

Your total payment will be the sum of the fixed show-up payment, the results of the 
randomly selected trial, and rewards from a test for which details will be given later in 
the session. You will receive all payments in cash at the end of the experimental session 
after signing a receipt form. The value of the monetary payments you receive will be 
private information, only known to you.  

If you have any questions raise your hand now. 

Part 1: Observation 

You have been randomly paired with another person in the room for the next part of the 
session. You have also been randomly selected to be either a choice-maker or an 
observer of the choices being made in this next section.  

[A subject’s screen will now be displaying which they are on the next line in bold text.] 

In this part of the session there are 90 choices to be made.  

[From here there are different instructions for Choice-Makers and Observers.] 

[Choice-Makers] 
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When instructed by the supervisor, your partner will come over and sit down to the 
right of you. You may not speak to each other during this stage of the session. 

It is in your partner’s best interest to pay attention to the choices you make. Later in the 
session, your partner will be shown a few randomly selected choices from this set, and 
then asked to recall which option you chose. The observer will earn money for each 
correctly recalled choice.  

Also, one of your choices may be selected at random at the end of the session to be 
paid-out. The choices will only impact your own pay, with no effect on your partner’s 
payoffs. 

[Observers] 

When instructed by the supervisor, you can start moving over to your partner and sit 
down to the right of them. 

[Below is displayed the seat number of their partner.] 

Ask a session supervisor if you need assistance finding the right seat. You may not speak 
to each other during this stage of the session.  

It is in your best interest to pay attention to your partner’s choices. Later in the session, 
you will be shown a few randomly selected choices from this set, and then asked to 
recall which option your partner chose. You will earn money for each correctly recalled 
choice. 

Also, one of the Choice-Makers choices may be selected at random at the end of the 
session to be paid-out. The choice-maker’s choices will only impact their own pay, with 
no effect on your payoffs. 

Part 2: Private choice making 

 [Choice-Makers] 

You will now be given another 90 choices between monetary options to complete. One 
of these choices may be paid out at the end of the session, or one of your choices from 
the previous set may be paid out. If you are an Observer, 

[Observers] 

You will now be given 90 choices between monetary options to complete. One of these 
choices will be paid out at the end of the session.  

Testing and Questionnaire 

You will now complete a test to see how well you know your partner. 

 [Choice-makers] 
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You will be shown a selection of 3 choices which were presented to your partner in 
their private choice task and asked to select which option they would most likely have 
chosen. You will be rewarded $1 for each correct answer. 

[Observers] 

You will be shown a selection of 3 choices which were presented to your partner while 
you were observing their choices and asked to recall which option they chose. You will 
be rewarded $1 for each correct answer. 

After the test you will be required to fill out a questionnaire form. Please answer 
honestly, remembering all data is collected and stored anonymously. 

After you have completed the questionnaire, you will see a screen showing your 
payment from the session along with how it was calculated. 
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Appendix B. Questionnaire 
 
Page 1 

1) What do you think the experiment was about?   

 
Page 2 

1) Gender  

2) Age  

(Choice-Makers) 
3) How many of the test questions do you think your partner remembered 

correctly? (0,1,2,3) 

4) For what proportion of your choices do you think your partner was paying 

attention? (slider from none to all) 

5) Do you think your session partner cared about what your choices were? (Yes, 

No) 

6) Did you try to be more consistent with your choices for your observer’s benefit? 

(Yes, No) 

7) When you were being observed did you feel more focused on the task or more 

distracted? (slider from distracted to focused) 

8) Compared to the private choice making stage, do you think having your session 

partner watching made you take: (more risks, less risks, no change) 

9) Compared to the private choice making stage, do you think having your session 

partner watching made you pay: (more attention to the task, less attention to the 

task, no change) 

Please explain how your choices were different: 
(Observers) 

3) For what proportion of your partner’s choice were you paying attention? (slider 

from none to all) 

4) Did you care about what your session partner’s choices were?  (Yes, No) 

5) Compared to their choices in the private stage, do you think having you watching 

made your partner take: (more risks, less risks, no change) 

6) Compared to their choices in the private stage, do you think having you watching 

made your partner pay: (more attention to the task, less attention to the task, no 

change) 

Please explain how you think their choices were different:  
 
Page 3 
About your partner 

1) Have you met your session partner before this study? (Yes, No) 

2) Do you remember ever seeing your session partner before this study? (Yes, No) 

3) Do you think it is likely that your will interact with your partner after the session 

has ended? (slider from unlikely to very likely) 

4) What is the frequency with which your partner chose the lottery instead of $15? 

(slider from never to always) 
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5) Rate your partner on a scale 1 to 5 for the following characteristics:  

 (unattractive, attractive) 
 (weak, strong) 
 (poor, wealthy) 
 (frivolous, practical) 
 (irresponsible, responsible) 

About yourself 
6) Rate yourself on a scale of 1 to 5 for the following characteristics: 

 (unattractive, attractive) 
 (weak, strong) 
 (poor, wealthy) 
 (frivolous, practical) 
(irresponsible, responsible) 

7) What is the frequency with which you chose the lottery instead of $15: (slider 

from never to always) 

 
Page 4 

8) Home faculty  

Second home faculty (for combined degree)  
9) Year of study  

10) Are you a domestic or international student? 

11) How many siblings do you have?  

How many of your siblings are younger than you?  
12) What do you identify as your nationality?  

If you do not identify as Australian, how long have you been living in Australia? 
(less than 6 months, between 6 months and 1 year, between 1 and 3 years, more 
than 3 years, Not applicable (I am Australian)) 

13) Out of the following options how would you identify your predominant 

ethnic heritage? (African, East Asian, European, Indigenous Australian, Middle 

Eastern, North/South/Central American, Pacific Islander, South Asian, South-

East Asian, Other) 
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Appendix C. Structural analysis 
 
In the structural model, we assumed that an individual’s expected utility from choosing 

a lottery (x, p, a) that pays reward x, with probability p and ambiguity about that 

probability a, is given by: 

𝑬𝑼(𝒙, 𝒑, 𝒂) = (𝒑 + 𝜷
𝒂

𝟐
) 𝒙𝜶 

α - the risk attitude and β - the ambiguity attitude were estimated. Risk attitude was 

captured through the curvature of the utility function with α = 1 (<1; >1) indicating risk 

neutrality (aversion; seeking). Ambiguity was introduced in the spirit of Gilboa & 

Schmeidler (1989). Ambiguity neutral individuals would view the chance of winning in 

the ambiguous lottery as 50-50 since the ambiguity is centered around 50% and would 

thus have β = 0. Ambiguity averse individuals would perceive the chance to win to be 

lower (β<0) and ambiguity seeking participants would perceive it to be higher (β >0) 

than 50%.  

We allowed for stochasticity in choice by using a logistic choice function where the 

probability of choosing a lottery was given by: 

𝑷(𝒄𝒉𝒐𝒔𝒆 𝒍𝒐𝒕𝒕𝒆𝒓𝒚) =
𝟏

𝟏 + 𝒆(𝑬𝑼(𝒙,𝒑,𝒂)−𝑬𝑼($𝟏𝟓))/𝜸
 

γ is a noise term controlling for the slope of the choice function.  

Maximum likelihood estimation was used to fit the data to this model in a similar 

fashion to Harrison (2008). Throughout the paper we derive the risk (α) and ambiguity 

(β) parameter estimates as linear combinations of independent variables of interest. 

The variables are derived in the following way: 

𝜶 = 𝜶𝟎 + ∑ 𝜶𝒊 ∗ 𝒚𝒊

𝒊

 

𝜷 = 𝜷𝟎 + ∑ 𝜷𝒊 ∗ 𝒚𝒊

𝒊

 

where α0 and β0 are constants, yi is the variable of interest, and αi and βi is the 

corresponding coefficient. We tested the impact of observation and other variables on 

risk and ambiguity preferences by introducing these factors as variables of interest. 

Throughout the analysis standard errors were clustered on the level of the participant. 
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Effects of being observed 
 
In general, the model fit data well and we obtained reasonable estimates for Choice-

Maker’s risk and ambiguity attitudes (see Table D1, column (1)) that are in line with 

earlier work (comparison with the risk and ambiguity estimates fo the same age group 

in Tymula et al. (2013) reveals no statistically significant differences). The structural 

analysis presented in Table D1 (columns 2-3) confirms model-free conclusions. There 

was no statistically significant effect of being observed on individual risk attitudes in 

our sample. However, the coefficient of observation for ambiguity preference was 

negative and significant at the 10% level without age and gender controls and at the 5% 

level when we included age and gender controls. This indicates that on average 

participants became more ambiguity averse when observed. Male Choice-Makers were 

more risk tolerant but more ambiguity tolerant than females. 

Preferences after observing another participant 
 
In Table D2 we present analysis of only those Observers who observed Choice-Maker’s 

choices before making their own decisions (Order 1). Observer’s preferences were not 

correlated with Choice-Maker’s risk (ambiguity) tolerance.  
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Appendix D. Figures and Tables 
 

Table D1. A CRRA utility function (𝒖(𝒙) = 𝒙𝜶) cut-off α estimates for choosing the 
lottery. 
[colour required] 

90 
Choices Probability 

Amount 0.25 0.5 0.75 

15 N/A N/A N/A 

24 2.950 1.475 0.612 

27 2.358 1.179 0.489 

34 1.694 0.847 0.352 

36 1.583 0.792 0.329 

42 1.346 0.673 0.279 

46 1.237 0.619 0.257 

53 1.098 0.549 0.228 

57 1.038 0.519 0.215 

60 1.000 0.500 0.208 

63 0.966 0.483 0.200 

65 0.945 0.473 0.196 

77 0.847 0.424 0.176 

81 0.822 0.411 0.171 

91 0.769 0.384 0.160 
α <1: Risk averse 
α =1: Risk neutral 
α >1: Risk loving 
α >2: Extremely risk loving 

N/A   α is undefined 
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Table D1. The effect of observation on risk and ambiguity attitudes of Choice-Makers. 
Observed is an indicator variable equal to 1 if the Choice-Maker was observed while making 
decisions and 0 otherwise. 
 

  (1) (2) (3) 

alpha (risk)    
Observed  0.011 0.013 

  (0.010) (0.009) 
Male   0.134*** 

   (0.039) 
Age   -0.006 

   (0.005) 
Constant 0.588*** 0.583*** 0.657*** 

 (0.020) (0.022) (0.101) 

beta (ambiguity)    
Observed  -0.039+ -0.044* 

  (0.021) (0.021) 

Male   -0.227*** 

   (0.061) 
Age   0.001 

   (0.010) 
Constant -0.359*** -0.340*** -0.247 

 (0.031) (0.031) (0.213) 

noise    
Observed  0.002 0.009 

 (0.048) (0.045) 

Male   0.401* 

   (0.184) 
Age   -0.010 

   (0.013) 
Constant 1.028*** 1.027*** 1.065*** 

 (0.086) (0.093) (0.308) 

N 27900 27900 27900 

No. Clusters 155 155 155 

Pseudolikelihood -13291.96 -13288.63 -13072.36 

+ p<0.10, * p<0.05, ** p<0.01, *** p<0.001 

Standard errors are clustered on the subject. 
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Table D.2. The effect of having observed others prior to making own decisions. Partner’s 
risk (ambiguity) tolerance is the model-free measure of risk (ambiguity) attitude of the 
partner. All observers from Order 1 are included in the analysis. 
 

  (1) 

Alpha (risk)  
Partner's risk tolerance 0.046 

 (0.11) 
Constant 0.597*** 

 (0.056) 
Beta (ambiguity)  
Partner's ambiguity tolerance -0.091 

 (0.222) 
Constant -0.452*** 

 (0.070) 

Noise  
Constant 1.091*** 

  (0.131) 

N 6930 

No. Clusters 77 

Log Pseudolikelihood -3156.783 

+ p<0.10, * p<0.05, ** p<0.01, *** 
p<0.001  
Standard errors clustered on the subject 

 
 
Figure D.1 Seating arrangments in the laboratory in A: private and B: observed condition. 
Each cell is one computer station, separated by a partition. X indicates one participant. 
A.        B. 
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