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Abstract

This study measures the differences in ambiguity attitudes of groups and individu-
als in the gain and loss domains. We elicit ambiguity aversion and ambiguity-gen-
erated insensitivity for natural temperature events. We do not find significant dif-
ferences between individuals and groups in our main sample, yet higher ambiguity
aversion and ambiguity-generated insensitivity result for groups in the gain domain
when constraining the sample to groups and individuals with a better understand-
ing of the experiment. The group effect on the ambiguity-generated insensitivity is
sign-dependent.

Keywords Ambiguity attitudes - Group decision making - Gain and loss domain

1 Introduction

Decisions are often made under substantial uncertainties: individuals decide on job
opportunities, make investments, select their partners, or just make everyday deci-
sions like selecting clothes depending on weather forecasts. Many important deci-
sions, however, are taken in groups. Spouses need to decide on educational prospects
for their children, search committees collectively choose prospective job market can-
didates, society needs to decide on policies, e.g., on climate policy.

This paper compares individual to group decisions on ambiguous natural events
when facing potential losses vs. gains. With this, we investigate to what extent
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individuals’ and groups’ ambiguity attitudes are sign-dependent. Specifically, we
elicit preferences on weather-related events, i.e. on temperature ranges. Consider-
ing ambiguity-attitudes towards temperature events has the advantage that most indi-
viduals are familiar with weather-related decisions (cf. von Gaudecker et al., 2022,
who compare ambiguity attitudes in relation to stock markets and temperature rises;
Minnich et al., 2024).

A large and vital literature has dealt with decision-making under uncertainty,
originating prominently from Knight (1921). Besides a larger theoretical literature
on ambiguity preferences and decisions (see, e.g. Etner et al., 2012; Biihren et al.,
2021), a substantial empirical literature has evolved and suggests potential differ-
ences in ambiguity preferences in the gain vs. the loss domain (e.g., Baillon and
Bleichrodt, 2015; Kocher et al., 2018; Trautmann and Van De Kuilen, 2015; Biihren
et al., 2021). Yet, the literature comparing ambiguity attitudes between individuals
and groups in these two domains is underdeveloped. It largely focuses on hypo-
thetical or very abstract decision contexts (e.g., Marquis and Reitz, 1969; Aggarwal
et al., 2022).

We employ the method suggested by Baillon et al. (2018) and consider ambigu-
ity attitudes towards weather (temperature) events. We place our work in the larger
literature in Sect. 2. In our experiment, groups of three can chat with each other
and must reach an unanimous solution. Our results suggests no significant differ-
ences between how groups’ and individuals® attitudes are formulated on average.
Controlling for comprehension of our experiment, we find larger ambiguity aversion
among groups than among individuals in the gain domain. The second measure,
the so-called ambiguity-generated insensitivity index (Baillon et al., 2018) is also
sign-dependent.

Beyond this, our work confirms previous studies that individuals are more
ambiguity averse in the gain than in the loss domain. Exploring the mechanisms
through which individual attitudes are aggregated into group decisions, we find
that the median players in the group appear to be decisive. That is, ambiguity atti-
tudes between individuals and groups may depend on the specific distribution of
preferences, i.e. if the expected median preference in a group is below or above the
expected mean.

The remaining paper is structured as follows. Section 2 introduces a brief litera-
ture review of the differences in ambiguity preferences between groups and individ-
uals. Section 3 is about the experimental design and procedures. Section 4 presents
our results. We discuss our results and conclude in Sect. 5.

2 Literature review

Our paper on group attitudes towards ambiguity complements the extensive liter-
ature aggregation of risk attitudes in groups (e.g., Zhang and Casari, 2012; Bail-
lon et al., 2016, Fukutomi et al., 2022). This literature uses related experimental
designs. Baillon et al. (2016), for example, also use groups of three and allow for
communication. They find stronger aggregation and communication (group) effects
of an unanimity rule compared to the majority rule which guided our design choice.
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Previous findings on differences in ambiguity preferences between individuals
and groups are rather inconclusive.! A first (and often overlooked) study on risk and
ambiguity preferences between individuals and groups was conducted by Marquis
and Reitz (1969). They find that groups show more risk/ambiguity-loving choices in
the gain domain and more ambiguity/risk-averse behavior occur in the loss domain.
Keck et al. (2014) find higher ambiguity neutrality in group decisions. In contrast,
Keller et al. (2007) find stronger ambiguity aversion in groups of two compared to
individual decisions but rely on hypothetical statements. Lloyd and Doring (2019)
examine the risk and ambiguity attitudes of male adolescents and find more ambigu-
ity seeking in groups. Other studies do not find significant group effects on ambigu-
ity attitudes (Brunette et al., 2015; Levati et al., 2017). Simon (2017) deals with
decisions regarding ambiguous gambles and stock investments and finds that groups
with communication become more ambiguity neutral, while group formation with-
out communication tends to lead to more ambiguity aversion. Carbone et al. (2019)
investigate inter-temporal individual and group decisions on consumption and sav-
ing and find that groups perform worse in risky outcomes and better in ambigu-
ous outcomes. Aggarwal et al. (2022) rely on hypothetical statements and find more
ambiguity seeking decisions at the individual level in the loss domain, while more
ambiguity seeking results in group decisions in the gain domain. Thus, the effects of
groups on ambiguity preferences could be sign-dependent (Marquis and Reitz, 1969;
Aggarwal et al., 2022; cf. Lahno, 2014).

By comparing individual and group decisions following a chatting opportunity
among group members, our study also relates to literature that examines effects of
social interactions on individual ambiguity preferences: individual ambiguity atti-
tudes may change (i) if decisions are subsequently disclosed to other persons (e.g.,
Curley et al., 1986; Muthukrishnan et al., 2009; Trautmann et al., 2008) or observed
by peers (Tymula & Whitehair, 2018), (ii) if participants observe other decisions
(e.g., Cooper and Rege, 2011; Delfino et al., 2016; Lahno, 2014), or (iii) due to
direct social interactions (e.g., Charness et al., 2013, Engle et al., 2011, Engle-War-
nick et al., 2020, Ahsanuzzaman et al., 2022).

In our study, we explicitly compare ambiguity attitudes in a gain and a loss
domain. Extant literature suggests that ambiguity attitudes at the individual level can
be sign-dependent (e.g., Baillon and Bleichrodt, 2015; Kocher et al., 2018; Abdel-
laoui et al., 2016). The review by Trautmann and Van De Kuilen (2015) suggests a
fourfold pattern of ambiguity attitudes, that is, ambiguity aversion for larger prob-
abilities in the gain domain and for small probabilities in the loss domain, ambiguity
seeking for low probabilities in the gain domain and for larger probabilities in the
loss domain. Baillon and Bleichrodt (2015) additionally find higher ambiguity-gen-
erated insensitivity for losses.

Our study contributes to the literature by explicitly comparing group and indi-
vidual decisions under ambiguity in both loss and gain domains. Our study is the
first to compare ambiguity preferences of individuals and groups using the method
of Baillon et al. (2018). This method has the advantage that two distinct components

! A detailed overview of previous literature findings can be found in Table 4 in the Appendix.
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376 A. Minnich, A. Lange

of ambiguity attitudes can be measured: a first index measures ambiguity aversion
(ranging from ambiguity seeking behavior to ambiguity indifference to ambigu-
ity aversion), a second index refers to ambiguity-generated insensitivity. The latter
index measures the over- or underestimation of small and large probabilities and is
also interpreted as a perceived level of ambiguity (Dimmock et al., 2015). We are
unaware of any study that measures the difference in perceived levels of ambiguity
in groups and individuals.

3 Experimental design and procedures

This section presents our method for eliciting ambiguity attitudes first, before
describing the experimental treatments and procedures and discussing hypotheses.

3.1 Ambiguity measurement

We use the method of Baillon et al. (2018) for the elicitation of ambiguity prefer-
ences for natural events. It relies on assessing the matching probabilities on single
success events (E,, E,, E;) which partition the full state space and the corresponding
composite success events (Ey,, Ey3, Ey3). Here, E; denotes E; U E; (j # 0).

The matching probabilities are denoted by m; for the single and m; for the com-
posite events (i,j € {1,2,3}). They correspond to the winning probability of a lot-
tery at which the decision maker is indifferent between the lottery or betting on the
natural event E (e.g. Dimmock et al., 2016).

As single events are mutually exclusive, their matching probabilities add up to 1
for ambiguity-indifferent decision-makers.

Baillon et al. (2018) defines two indices that measure ambiguity attitudes:

b=l - a=3x( - -m) M

where m; = (m, + m, + m3)/3 and m_ = (my; + m 3 + m,,)/3 refer to the averages
of matching probabilities for single and composite events, respectively.

Index b measures ambiguity aversion. It ranges from — 1 (minimum aversion
or maximum ambiguity seeking) to 1 (maximum ambiguity aversion). Ambiguity
indifference is given at a value of 0. Index a measures the relationship between the
matching probabilities of the single and composite events and is labeled as an index
of ambiguity-generated insensitivity. It theoretically can range from — 2 to 4, yet
a maximum of 1 is possible if preferences satisfy weak monotonicity (m, > my).
Ambiguity neutrality gives b = 0 and a = 0 (im, = 2/3 and m, = 1/3). If participants
overweight low probabilities and underweight high probabilities, a will be positive.
In the case of underweighted low probabilities and overweighted high probabili-
ties, the index will be negative (Anantanasuwong et al., 2019). The two indices are
orthogonal (Baillon et al., 2021).
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3.2 Experimental treatments and natural events

The ambiguous bet is about the temperature in an undisclosed city on the known
date, October 18, 2020, at 2 pm (CEST). Participants were informed that indicat-
ing the CEST time zone does not automatically mean that the city is located in the
CEST zone. The events correspond to temperature ranges. E| refers to the tempera-
ture being below 8 degrees Celsius, E, to the temperature range higher than or equal
to 8 degrees Celsius and lower than 14, and E; to higher than or equal to 14 degrees
Celsius. Correspondingly, E;, refers to a temperature below 14 degrees, E,; to a
temperature above or equal to 8 degrees, and E|; to temperature below 8 degrees or
weakly above 14 degrees Celsius. The order of events was randomized in the experi-
ment for participants or at the group level for group treatments.

The treatments vary the payoff domain between gains and losses. In the gain
domain, choosing the temperature bet over a lottery pays 10 euros in case that event
E materializes. In the loss domain, the realization of the given event E leads to a
loss of 10 euros. Similar to Baillon et al. (2018), we use choice lists to determine
the matching probabilities of each single and each composite event. The matching
probabilities are given by the probability of a risky lottery in the gain (loss) domain
that makes the participants indifferent between the risky lottery and the ambiguous
temperature bet.

We consider four different treatments: Individual-gain (IG), group-gain (GG),
individual-loss (IL), group-loss (GL). In IG and IL, the individual subjects decide
alone. In GG and GL, groups of three subjects have to reach a unified decision on
the probability at which they just prefer a risky bet over an ambiguous one.

3.3 Experimental procedures

The experiment was conducted as an online laboratory experiment with a student
pool from the WiSo Research Laboratory at the University of Hamburg. Ethical
approval was obtained through the WiSo Research Laboratory. The study was pre-
registered (Lange & Minnich, 2022). The experiment was programmed with olree
(Chen et al., 2016), and hroot was used for recruitment (Bock et al., 2014). Four
sessions were held in February 2022 (9th at 4:00 pm, 15th at 9:00 am, 17th at 9:00
am, 21st at 12:00 pm), and 382 participants took part, of whom 367 completed the
experiment.2 At all four sessions, all treatments ran at the same time, and treat-
ment affiliation was randomized. In the last session, two groups of the group-loss

2 Two groups of the group-gain and three groups of the group-loss treatment did not complete the exper-
iment. Since four groups in the group-loss and two groups in group-gain treatments did not arrive at
common solutions in at least one of the six ambiguity decisions, our final data set includes 349 par-
ticipants. The sample size was informed by the number of independent observations in previous studies
(e.g., Keck et al., 2014), instead of being based on an explicit power test as initial evidence on the effect
size and standard errors using the method by Baillon et al. (2018) were missing.
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378 A. Minnich, A. Lange

Table 1 Experimental setup in the respective treatments

Treatments
Sequence Group-gain Individual-gain =~ Group-loss Individual-loss
Phase 1 Explanation of the experiment, Control questions
Phase 2 Ambiguity task
+10 euros or 0 -10 euros or 0
Phase 3 Cognitive reflection test (5 questions) to balance the payouts
-2 euros per wrong answer +2 euros per right answer
Phase 4 Questionnaire and payout
Participants 129 47 126 47
Independent 43 47 42 47

observa-
tions

treatment were also run separately to equalize the number of observations for each
treatment.

In the following, we describe the timeline of the experiment, which can also be
found in Table 1. The instructions of our experiment are based on Baillon et al.
(2018), Li (2017), and Anantanasuwong et al. (2019), and an example of the instruc-
tions of the treatment group-loss is given in Online Appendix A.

First, the participants get a description of the ambiguity task. They then have to
correctly answer two control questions about the ambiguity task. Participants had to
stay in the instructions for at least 15 seconds per page and at least three minutes in
total.

Second, the individual and group decisions concerning the ambiguity take place
for the three single and three composite events. The order of the six events was ran-
domized at the individual level or at the group level for group treatments. Following
Baillon et al. (2018), participants face choice lists for six temperature events in an
undisclosed city. The groups can chat together, while the individuals can only chat
alone. The groups have three chances per choice list to reach a common unanimous
solution (Zhang and Casari, see 2012). The groups are informed that they will auto-
matically receive the worst payout (0 in the gain domain and — 10 euros in the loss
domain) if a choice list of an event without a common solution is randomly selected
for their payout. Figure 5 in the Appendix shows that the groups need fewer attempts
to reach unanimity over time. Afterward, there was a one-minute break.

Third, subjects answer five questions of a cognitive reflection task. They get paid
(additional/ less 2 euros per right/wrong answer in loss vs. gain domain) to balance
out the payouts (see Kocher et al. (2018) for a similar payment procedure). The cog-
nitive reflection test has the advantage of being relatively quick. It also has already

3 We use the control variables to check the randomization of our treatments (see Table 5 in the Appen-
dix). We do not find systematic differences between treatments. Only minor differences exist in some
demographic variables (gender, parentship, income, previous experiment participation, faculty) and com-
prehension tasks.
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been used as a control variable for ambiguity preferences in Li (2017). The five
questions are based on Frederick (2005) and Li (2017).

Fourth, subjects fill out a questionnaire concerning demographic variables and
behavioral attitudes, before the payouts are carried out. The questions include age,
gender, faculty, number of semesters, number of previous participation in experi-
ments at the University of Hamburg, income, vaccination status (Covid-19), parent-
ship, comprehension of the ambiguity tasks, four survey questions about ambigu-
ity preferences (Cavatorta & Schroder, 2019),4 a survey measure of risk attitudes
(Dohmen et al., 2011), a weather-related risk attitude and the ten-item personality
inventory (Gosling et al., 2003; Muck et al., 2007). We decided to collect the big
five inventory using the ten-item personality inventory because Zhang and Casari
(2012) found effects of the big five inventory on how groups reached a decision
under risk. In addition, participants of groups answered two more questions about
how they arrived at the group decision and how their own preferences contributed to
the group decision.

We used a randomized incentive scheme to pay for the ambiguity task, i.e. the
decision one of the six events mattered for final payments for which one random line
of the decision table (lottery vs. ambiguous bet) was selected. For the natural events,
participants or groups were randomly assigned to one of 30 cities which then deter-
mined the payoff.’ The respective city was only revealed after the experiment on the
payment screen. Payments from this task thus were either plus 10 euros (gain treat-
ments), minus 10 euros (loss treatment) in case of realization of the assessed event
or 0 euro otherwise.

The payment of the participants consists of a starting amount of 10 Euro, the
payment based on randomly selected ambiguity tasks (10, — 10, or 0), and the pay-
off from the cognitive reflection tasks (adding (loss treatments) or subtracting (gain
treatments) 2 Euro per right/wrong answer). Participants can thus earn between 0
and 20 euros in every treatment.

The average payment to participants who completed the experiment was 12.72
euros (IG=12.47,GG=11.88,1L =12.43,GL = 13.74).6 The average completion
time of these participants was 38.5 min (IG = 21, GG=43, [L=21, GL=46).

4 Due to for temporal conciseness, we decided against the fifth measurement of Cavatorta and Schroder
(2019), namely the dynamic Ellsberg two-color urn thought experiment measurement. Accordingly, for
the calculation of the ambiguity score we only use the conversion of the Likert scales and do not use the
constant of 130.

5 Unknowingly to participants, cities were selected such that each single success event being true for ten
cities and each composite event being true for 20 cities correspondingly. The number of cities is set so
high that no useful information can be exchanged between the participants between the different sessions.
6 Participants who could not finish the experiment because a team member had dropped out were paid a
kind of hourly wage depending on their time commitment.
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3.4 Coding the data

As described, we use choice lists to determine the matching probabilities. The
choice lists contain 28 rows and are adjusted to avoid middle bias.” For consistency
of answers, participants may only indicate a single switching point from when they
prefer the risky lottery. The matching probability (indifference point) is coded as
the midpoint between the two values of the risky lottery where they switched pref-
erences with two exceptions at the extremes: in the gain (loss) domain, we set the
matching probability to 0 (100) if the lottery is always preferred and 100 (0) if the
ambiguous bet is always preferred.®

Based on the matching probabilities, the ambiguity indices b and a are calculated
(Baillon et al., 2018). Yet, the interpretation of b values differ in the gain vs. loss
domains. A positive b reflects ambiguity aversion in the gain domain yet ambigu-
ity seeking in the loss domain. In order to facilitate the interpretation of results, we
multiply b as calculated with the matching probabilities with —1 in the loss domain.’

The variables from the survey were used to code control variables, see Table 6 in
the Appendix which also gives the summary statistics of these variables. For exam-
ple, we coded dummy variables based on demographic variables, risk and uncer-
tainty preferences, as well as experiment-specific variables (cognitive reflection test,
control questions errors, comprehension). We mostly use a median split for the con-
trol variables, creating dummy variables as independent variables.'® We code the
statements on groups’ decision-making and the inclusion of own preferences in the
group decision as categorical variables.

In our main analyses, we removed participants who did not complete the exper-
iment. This was the case for groups when one person dropped out of the experi-
ment.'! Next, we removed the groups that did not find a common solution in at least
one of the six decisions of the ambiguity task.'2

7 If participants choose option B in the gain and loss domain from row 15 onwards, they have a matching

Erobability of 32.5 for individual success events and 67.5 for composite success events.
The choice lists run from 0 to 100% in the gain domain and from 100 to 0% in the loss domain to

ensure the similarity of treatments (deciding when to prefer a risky lottery).

° Intuitively, losing in case of event E in the loss domain corresponds to winning if the event does not
occur (payoff 0 instead of — 10). Accordingly, the matching probabilities in the gain domain can be con-
verted into the loss domain by calculating the matching probabilities of the counter events m; = 1 —m,
and m_=1—-m,. Thus b=1-(1-m.) — (1 —m;) =—-1% (1 —m;, —m_). The ambiguity-generated
insensitivity stays the same a = 3 X (% -((1-m)—(1-m))=3x% (% - (m, —m,))

10 For the calculation of the medians, we only used the data where groups reached a common solution
for every decision and only data from participants in group treatments.

' There is one exception, as one participant in the group-gain treatment did not have time to complete
the questionnaire at the end of the experiment due to a follow-up appointment.

12 This applied to a total of only 6 groups across gain (2) and loss (4) domain. Including these groups
does not make any difference to our results when using the median value of the last decision round in
which no common solution was found.
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3.5 Hypotheses and concept of analysis

We formulated two hypotheses in our preregistration (Lange & Minnich, 2022).
While our initial hypotheses only mentioned the dimension of ambiguity attitude
relating to index b (aversion, indifference, seeking), we expected similar effects for
the ambiguity-generated insensitivity (index a).

Hypothesis 1 Group decisions are more ambiguity neutral than individual decisions.

Hypothesis 2 The domain (gain or loss) has an impact on the difference in ambigu-
ity attitudes (w.r.t. aversion, indifference, seeking as well as insensitivity) between
groups and individual decisions.

Hypothesis 1 is consistent with the findings for gains by Simon (2017) and Keck
et al. (2014). The tendency towards ambiguity-neutrality would typically already
result via the aggregation of individual preferences within a group if this is based
on the median preference. Yet, Keck et al. (2014) show that groups make more
ambiguity-neutral choices beyond this pure aggregation effect and thus show fewer
violations of the expected utility paradigm. We thus expect both indices b and a to
be closer to 0 in groups than for individual decisions. Given the fourfold patters of
individual ambiguity attitudes (e.g., Trautmann and Van De Kuilen, 2015), the same
aggregation logic leads us to hypothesize that the effects of groups on ambiguity
preferences is sign-dependent. This is formulated in hypothesis 2. In line with this
hypothesis, Aggarwal et al. (2022) and Marquis and Reitz (1969) provide prelimi-
nary evidence that the effects of groups compared to individuals depend on being in
a gain vs. loss domain. We therefore expect an interaction effect between the group
and the loss domain for both index b and a.

In order to test hypothesis 1, we use non-parametric and parametric tests to ana-
lyze. We examine both ambiguity indices and all six matching probabilities. We
thereby separate the sample into gain and loss domains for the analyses. Further-
more, we run the following cross-sectional regression:

y = fy+ pigroup + € )

We use the ambiguity indices » and a and all six matching probabilities as depend-
ent variables y. Our main variable of interest is the independent variable group,
which becomes 1 if a group makes a decision. The model also has an intercept and
an error term, where we use heteroscedasticity consistent standard errors. Again, we
separate the analysis for both domains gain and loss.'?

For hypothesis 2, we use the following regression equation:

y = Py + Bigroup + P,loss + pygroup X loss + € 3)

13 Contrary to our preregistration, we do not use control variables in our regressions since we do not
consider comparing control variables of individuals to three-person groups appropriate.
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Here, we add the two dummy variables loss and the interaction term group X loss.
The interaction term is our main variable of interest to test our second hypothesis.

In addition, we perform an exploratory analysis in order to better understand how
groups reach their decisions. That is, we specifically investigate mechanisms that are
behind potential differences between group and individual ambiguity attitudes.

First, we bootstrap the individual decisions on matching probabilities into groups
of three to derive the minimal, the median, and the maximal matching probability.
We then derive the ambiguity indices based on these measures and compare their
distribution with the distribution of probability indices arising from the actual group
treatments. This way, we can study if groups are more likely to follow in their deci-
sion the least or most ambiguity-averse group member or if the median player is
more relevant.

Second, we exploit our survey measures on individual assessments on how
groups arrive at decisions (unanimity, majority, imposition of one person) and how
their own preference played a part in the group decision on average (adjusted, not,
imposition of their own preference). We study how different control variables cor-
relate with the dependent variables on group decision-making in the following mul-
tinomial logistic regression model:

P(answer = k) B
<m)— Py + Prloss + p: X )
Planswer = k,)\
(m)— Py + Psloss + feX )

In the regressions with the dependent variable about the group decision method, we
use k; = unanimity as a baseline and k, = majority, k, = person. In the regressions
with the dependent variable about the imposition of their own preference, we use
ky = adjusted as a baseline and k; = no, k, = own. In each regression, we use the
dummy variable loss. As control variables X, we use different sets, namely demo-
graphic variables, risk and uncertainty preferences, the ten-item personality inven-
tory, and experiment-specific variables (cognitive reflection test, control questions
errors, comprehension).

4 Results

This section deals with the descriptive and regression analysis of our treatments, an
exploratory analysis of the group decisions, and the robustness checks. We report
the test statistics (W) of the Wilcoxon-Mann—Whitney tests and the corresponding
p-values (p) as well as the estimators of the regressions (f), the t-values with the
degrees of freedom (t(degrees of freedom)) and the corresponding p-values (p).
Table 2 presents the means and standard deviations of both ambiguity indices
and the matching probabilities of each treatment. Considering the ambiguity aver-
sion index b, we observe slightly ambiguity averse attitudes in the gain domain (GG
and IG), while decisions in the loss domain (GL, IL) show slight ambiguity loving
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Table2 Summary Statistics

S Treatment GG 1G GL IL
for ambiguity indices and
matching probabilities in Mean Mean Mean Mean
treatments group-gain (GG), Variables (sd) (sd) (sd) (sd)
individual-gain (IG), group-
loss (GL), individual-loss (IL). Index b 0.10 0.04 ~0.06 ~0.08
Observation in GG and GL at : : ) )
group level (0.20) (0.26) (0.22) (0.37)
Index a 0.50 0.38 0.50 0.58
0.41) (0.57) (0.46) (0.46)
Event E; 37.19 33.65 39.76 36.86
(15.39) (19.73) (16.23) (24.65)
Event E, 39.21 40.53 40.63 39.94
(16.64) (22.45) (17.85) (21.04)
Event E; 34.42 38.30 36.07 40.05
(13.91) (21.31) (14.57) (20.55)
Event E|, 54.65 59.62 57.82 48.41
(19.41) (21.25) (16.17) (23.71)
Event E,4 52.17 55.72 52.79 53.21
(21.79) (20.91) (18.08) (23.81)
Event E,; 53.86 59.21 56.31 57.29
(14.11) (22.16) (18.10) (23.87)
Observations 43 47 42 47

attitudes. The averages of index a across all treatments suggest that overweighting of
probabilities of single events relative to the weight given to composite events. The
former are assigned matching probabilities reaching from 34-41%, while the latter
receive weights 48-60%.

4.1 Treatment comparisons

A first look at Table 2 suggests only minor differences between treatments. This is
confirmed by a series of non-parametric Wilcoxon-Mann—Whitney tests compar-
ing ambiguity indices and matching probabilities between the group and the indi-
vidual treatments. Figure 1 presents these for the gain domain. The results for the
loss domain are in Fig. 2.!* No significant differences result with two minor excep-
tions: individuals indicate a higher matching probability for E,; in the gain domain
(W=796.5, p=0.082), while groups in the loss domain have a higher matching prob-
ability for the composite event E,, (W=1253.5, p=0.028) (see also Tables 7 and 8).
Comparing the gain and loss domain (see Table 3 as well as Figure OB.1 and Fig-
ure OB.2 in Online Appendix B), we find a significantly larger ambiguity aversion
index b in the gain domain (f, = —0.12, t(175) = —1.87, p = 0.063). This result is

14 The results are robust to using parametric Welch’s t-tests as a robustness check for the non-parametric
tests except that the difference of the composite event E,; is no longer significant in the gain domain.
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Fig.1 Means of ambiguity indices and matching probabilities in the gain domain separated by treat-
ments. P-values of Wilcoxon—-Mann—Whitney test comparing the treatments group-gain (GG) and indi-
vidual-gain (IG) above the mean values. Note: “p<0.10, **p<0.05, ***p<0.01, ns: not significant

significant for groups (W = 1330.5, p<0.001) and for individual decision making
(W = 1362.5, p = 0.052). For individuals, we find a significant lower index a in the
gain domain (W = 817, p = 0.030).

We formulate the following result:

Result 1 Individuals and groups do not show significantly different ambiguity atti-
tudes. Both groups and individuals are more ambiguity seeking in the loss domain
than in the gain domain.

In order to investigate Hypothesis 2, we consider regressions allowing for

interaction effects group X loss. The results are again reported in Table 3. The
interaction effect as our main variable of interest is not significant for the
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ments. P-values of Wilcoxon—-Mann—Whitney test comparing the treatments group-loss (GL) and individ-
ual-loss (IL) above the mean values. Note: *p<0.10, **p<0.05, ***p<0.01, ns: not significant

ambiguity indices. A significant effect only arises for the event E, (f; = 14.37,
t(175) = 2.35, p = 0.020). We thus summarize our second result as follows:

Result 2 The domain (gain or loss) does not impact the difference in ambiguity atti-
tudes between groups and individual decisions.

4.2 Exploratory analysis of group decisions

The previous section established that no major differences exist between aver-
age individual ambiguity attitudes and group decisions. In the group treatments,
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Table 3 Linear regressions: treatment effects

Dependent variable

b a El E2 E3 El12 E13 E23

Y] ) (3) G} ) (6) M ()
group 0.052 0.122 3.537 -1.323 -3.879 -4.966 —-3.549 -5.352

(0.050) (0.105) (3.755) (4.189) (3.804) (4.335) (4.562)  (3.926)
loss -0.124* 0.200* 3.213 -0.596 1.755 —-11.202* -2.511 -1.926

(0.066) (0.108) (4.655) (4.536) (4.365) (4.695) (4.672)  (4.802)
group:loss -0.026 -0.206 -0.637 2017 -0.102  14.372**  3.122 4.375

(0.081) (0.144) (5.808) (5911) (5.370) (6.114) (6.411)  (5.983)
Constant 0.043 0.379"* 33.649"* 40.532*** 38.298"** 59.617"* 55.723"* 59.213"**

(0.039) (0.084) (2.908) (3.310) (3.141) (3.134) (3.084)  (3.267)
Observations 179 179 179 179 179 179 179 179
R? 0.065 0.023 0.012 0.001 0.014 0.044 0.004 0.009
Adjusted R? 0.049 0.006 -0.004 -0.016 -0.003 0.028 -0.013 -0.008

Residual Std. 0.273 0.480 19.509 19.747 18.070 20.449 21.318 20.084
Error

F Statistic 4,074 1.383 0.737 0.048 0.841 2.694" 0.244 0.550

Note: “p<0.1; **p<0.05; “**p<0.01; heteroscedasticity consistent standard errors (“HC3”) in parentheses
and estimated with the

R package sandwich (Zeileis, 2004; Zeileis et al., 2020)

individuals log in their matching probability only after chatting with their fellow
group members. As such, we do not have an independent measure of their own
ambiguity attitudes.

In this section, we provide an explanatory analysis of decision-making pro-
cesses within groups. This analysis was not preregistered. We first compare the
distribution of ambiguity indices in the group treatments with ambiguity indices
that are derived from bootstrapping the decisions in the individual treatments into
groups of three and calculate ambiguity indices based on (i) the minimum, (ii) the
median, and (iii) the maximum matching probability among the artificially com-
bined group members.

Figure 3 reports the cumulative distribution functions of these ambiguity indices
compared with the one derived from the group treatments. For both gain and loss
domain, we see that the distribution of the ambiguity index in the group treatment
follows closely the distribution based on the median matching probabilities in the
simulated groups. We thus conclude that group decisions on matching probabilities
in our sample are not driven by the most ambiguity averse or least ambiguity averse
agent, but rather are likely based on the intermediate assessments in a group. '

15 We note that—lacking an independent measure of individual ambiguity attitudes in the group set-
tings—we cannot identify an additional trend towards ambiguity neutrality beyond the aggregation exer-
cise (cf., Keck et al., 2014).
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Fig. 3 Ambiguity index b in gain domain (panel (a)) and loss domain (panel (b)). The lines show cumu-
lative distributions based on bootstrapping individual matching probabilities in groups of three (1000
random groups of three). The cdfs correspond to the ambiguity indices b if the bootstrapped groups
always chose the minimal, the median, or the maximal matching probability in their group of three. The
fourth line displays the actual cdf of index b in the group treatments
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Fig. 4 Ambiguity index « in gain domain (panel (a)) and loss domain (panel (b)). The lines show cumu-
lative distributions based on bootstrapping individual matching probabilities in groups of three (1000
random groups of three). The cdfs correspond to the ambiguity indices a if the bootstrapped groups
always chose the minimal, the median, or the maximal matching probability in their group of three. The
fourth line displays the actual cdf of index a in the group treatments

For completeness, Fig. 4 shows the corresponding pictures for ambiguity index
a. Here, the different lines do not significantly differ: the likely reason is that the
difference between matching probabilities for composite and single events does not
much differ between the individuals with the minimal, median, or maximal match-
ing probability (and hence ambiguity aversion) in a group of three.

Another way to investigate the mechanisms behind group decisions is guided
by the survey measures on how participants in the group treatment perceived the
decision-making process. On average, most participants reached a group decision
through unanimity (169), while 55 reached a solution with majority and 30 with the
imposition of one person’s preferences in the group. In the process, 177 participants
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stated that they adjusted their preferences, 73 participants found that they could
enforce their own preferences, and four people subjects assessed that they did not
contribute their own preferences to the group decision. Overall, this is consistent
with groups finding some middle ground in the assessment of matching probabili-
ties as individuals with the largest or lowest individual preferences are more likely
needed to adjust their preferences in order to reach a consistent group decision.

We now explore if these individual views are driven by some socio-economic
characteristics. Table 9 in the Appendix shows the results from multinomial regres-
sions on group strategies, the results of the regressions on the inclusion of own pref-
erences can be found in Table 10. In both tables, two columns always belong to the
same underlying regression. The results can always be interpreted in comparison to
the baseline response option (unanimity in Table 9 and adjusted in Table 10). Overall,
it is noticeable that only very few control variables significantly affect the depend-
ent variables. That is, the views on how the decisions were made in a group do not
significantly differ between individuals with different socio-economic characteristics.

4.3 Mechanisms behind group decisions

Figure 5 in the Appendix shows that, on average, the groups agreed more and faster
over time, both in terms of gain and loss domains. A significant number of groups
reached an agreement in the first round, only a few groups required more than two
attempts to reach an agreement.

A total of 4859 text messages were written by the 255 participants in the group
treatments (GL, GG). This corresponds to an average of 3.2 text messages written by
a participant in one of the six decision tasks. This average number varies from 3.1 in
case that participants later stated that the group decision was unanimous, 3.6 if they
stated that a majority solution was found, to 3.0 if one person’s preferences were
imposed on the group. Not surprisingly, the number of messages sent by individuals
who stated to not have contributed their own preferences to the group decision was
much smaller per decision task (1.5) than if individuals adjusted their preferences
(3.2) or if they imposed their preferences (3.1).

A qualitative assessment of the chat messages suggests that decisions may be
based on compromises. The messages often involve someone just asking “What do
you think?”, little exchanges of arguments, and rather someone making a suggestion,
a counter suggestion (“going up” or “going down”), before others may agree. In some
cases, there are also arguments about the possible locations in the world, the state of
day (night in some places), the month of October, and the global average temperature.
In some groups, the probabilities of occurrence are discussed or sometimes counter-
probabilities are presented. Since the subjects do not know which location is crucial
for the temperature event, there is no feasible way for the subject to signal expertise.'®

16 Given the brevity of most messages, we do not perceive that a machine learning or text analysis
approach could provide much deeper insights as we do not have an independent measure of individual
ambiguity attitudes. Eliciting those appears beneficial when further investigating the group decision pro-
cesses in future research by also comparing how different aggregation procedures affect the necessity of
(text) exchanges between group members.
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4.4 Robustness checks

We preregistered robustness checks to investigate if treatment effects arise for spe-
cific subsets of the sample for which one can anticipate better-informed decisions.
A first robustness check is based on the comprehension of the experiment partici-
pants as self-assessed in the survey (see Online Appendix C). A second robustness
check takes the answers to the control question as a criterion for sample quality (see
Online Appendix D). In doing so, we compare groups that meet the selection crite-
rion at the median with individuals who meet the criterion.

Restricting the sample on individuals and groups who report a good comprehen-
sion (see Online Appendix C), we find difference between groups and individuals
in the gain domain: the estimator group is positive and marginally significant for
index b (f; = 0.10, t(54) = 1.91, p = 0.061), and positive and significant for index
a (p, = 0.36, t(54) = 3.21, p = 0.002) (see Table 0C.4).7 Differently, no signifi-
cant differences between groups and individuals arise in the loss domain (see Table
OC.5). In fact, the interaction effect group X loss is negative and highly significant
for index a (f; = —0.50, t(90) = —2.80, p = 0.006) (see Table OC.6).'8

Similar effects result if we choose the selection criterion of no mistakes in the com-
prehension questions (see Online Appendix D). In the gain domain, group is positive
and marginally significant for ambiguity index b (f;, = 0.10, t(55) = 1.71, p =0.093)
and positive and significant for ambiguity index a (f;, = 0.24, t(55) = 2.29,
p = 0.026) (see Table OD.4)." In the loss domain, no difference between group and
individual ambiguity indices results (see Table OD.5). Consistently, the estimator on
the interaction effect of group and loss is negative and marginally significant effect
for the ambiguity index a (f; = —0.29, t(115) =—1.81, p =0.073) (see Table OD.6).

Yet, these results come with a word of caution as the number of observations
satisfying good comprehension or no error in the comprehension questions, respec-
tively, is not particularly large.?® Overall, the robustness checks regarding the par-
ticipants’ understanding yield the following result:

Result 3 For subsamples with likely better-informed decisions (good comprehen-
sion or no mistakes in control questions), significant differences between individu-
als and groups arise with respect to ambiguity attitudes in the gain domain, where

17 This effect is driven by groups assigning a lower matching probabilities to events E,, (f, = —14.25,
t(54) =-3.14, p = 0.003) and E,; (f;, = —12.92, t(54) =—3.53, p = 0.001) (see Table OC.4).

18 This effect is driven by the positive interaction effect of group x loss on E;, (f; = 21.89,
t(90) = 2.83, p = 0.006) and E,; (f; = 16.20, t(90) = 2.02, p = 0.047) (see Table OC.6). Overall, the
mean values of E|, and E,; are in the order (/G) > (GL) > (GG) > (IL)

19 This is again driven by groups assigning a lower matching probabilities to events E, (f, = —10.18,
t(55) =—2.34, p = 0.023) and E,; (B, = —12.25, t(55) = —2.86, p = 0.006) (see Table OD.4).

20 We have also relaxed the criteria for the subsamples. If we consider only groups (median) and individ-
uals with good or rather good understanding (see Table OC.1, OC.2, and OC.3) or groups (median) and
individuals with one or less errors on the comprehension questions (see Table OD.1, OD.2, and OD.3),
the results point to similar directions.
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groups show larger ambiguity aversion and higher ambiguity-generated insensitivity.
This group effect for ambiguity-generated insensitivity is domain specific signifi-
cantly different in the loss domain.

5 Conclusions

We compare ambiguity attitudes of groups and individuals in the gain and loss domain
in a between-subject design. Groups of three can chat with each other in order to come
to an unanimous decision. We use the method of Baillon et al. (2018) which allows
measuring ambiguity attitudes by distinguishing ambiguity aversion (or indifference, or
ambiguity seeking behavior) and ambiguity-generated insensitivity for natural events.
We apply this method to elicit ambiguity attitudes regarding temperature events.

Comparing gain and loss domains, we find more ambiguity-seeking behavior and
a higher ambiguity-generated insensitivity in the loss domain. This result is con-
sistent with literature (e.g., Trautmann and Van De Kuilen, 2015; Baillon and Blei-
chrodt, 2015) and extends these results to group decisions and to ambiguity attitudes
towards naturally occurring temperature events.

In both domains, the matching probabilities for small(er) probabilities (single
events) are aggregated above 1, while the corresponding sum for large(r) probabili-
ties (composite events) is aggregated below 2. Without aggregating these matching
probabilities into the ambiguity indices a la Baillon et al. (2018), our results are con-
sistent with a fourfold pattern of ambiguity attitudes (Trautmann and Van De Kuilen,
2015): subjects are ambiguity averse for more likely events in the gain domain and
for less likely events in the loss domain, while they are ambiguity-seeking for low
likelihood events in the gain domain and high likelihood events in the loss domain.

Yet, the differences between groups and individual attitudes are marginal. In
our main sample, we do not find significant differences between individual ambi-
guity attitudes and those that result in group decisions. However, larger ambiguity
aversion and ambiguity-generated insensitivity results groups than for individuals
in the gain domain when we concentrate on subjects indicating a higher compre-
hension of the experiment. For those subsamples, the group effect on ambiguity-
generated insensitivity appears to be sign-dependent, i.e. individual preferences
are aggregated differently into group decisions in the gain vs. the loss domain.

Appendix
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Table 6 Composition of the dummy variables for the exploratory regressions of group decisions

Variable name 1 0
faculty (economics, social) business, economics and social sciences others
age_high median (24.5) and above <24
income_high median (800-1200 €) and above <800€
semesters_high median (7) and above <7
participation_high median (6) and above <6
risk_1_high (general) median (6) and above <6
risk_2_high (weather) median (7) and above <7
amb_index_high median (129.5) and above < 129.5
extraversion_high median (4) and above <4
agreeableness_high median (5) and above <5
conscientiousness_high median (5.5) and above <55
emotional_stability_high median (4.5) and above <4.5
openness_to_experience_high median (5.5) and above <55
quiz_high median(4) and above <4
error_less median(0) >0

comprehension_high

median (good comprehension)

other options
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(@) Number of participants divided according to the number of attempts to achieve unanimity in the
group-gain treatment for the six decisions.
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(b) Number of participants divided according to the number of attempts to achieve unanimity in the
group-loss treatment for the six decisions.

Fig.5 Overview of number of attempts to achieve unanimity in the group-gain and group-loss treatments
for all six decisions
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Table 7 Linear regressions: treatment effects (gain domain)

Dependent variable

b a El E2 E3 El12 El3 E23
Y] () 3) 4 5) (6) @) (3)
group 0.052 0.122  3.537 -1.323 -3.879 -4966 -3.549 -5.352
(0.050) (0.105) (3.755) (4.189) (3.804) (4.335) (4.562) (3.920)
Constant 0.043 0379 33.649" 40.532*** 38.298"** 59.617*"* 55.723"** 59.213***
(0.039) (0.084) (2.908) (3.310) (3.141) (3.134) (3.084) (3.267)
Observations 90 90 90 90 90 90 90 90
R? 0.012 0.015 0.010 0.001 0.012 0.015 0.007 0.020
Adjusted R? 0.001 0.004 -0.001 -0.010 0.0003 0.004 -0.004  0.009
Residual Std. 0.236  0.499 17.789 19.891 18.155 20394 21.334 18.754
Error
F Statistic 1.085 1.345  0.888 0.099 1.025 1.331 0.621 1.829

Table 8 Linear regressions: treatment effects (loss domain)

Dependent variable

b a El E2 E3 El12 E13 E23
1 2 (3) C)) ) (6) ) ®)
group 0.025 -0.084 2.900 0.695 -3982 9407 -0427 -0978
(0.064) (0.099) (4431) (4.170) (3.789) (4.312) (4.505) (4.514)
Constant —0.081 0.579"*" 36.862"** 39.936™* 40.053"** 48.415"™* 53.213*** 57.287**
(0.054) (0.068) (3.635) (3.102) (3.030) (3.496) (3.510) (3.519)
Observations 89 89 89 89 89 89 89 89
R? 0.002  0.008  0.005 0.0003 0.012 0.051 0.0001 0.001
Adjusted R? -0.010 -0.003 -0.007 -0.011 0.001 0.040 -0.011 -0.011
Residual Std. 0.306  0.461 21.107 19.600 17.983 20.504  21.301 21.345
Error
F Statistic 0.152  0.733 0.419 0.028 1.087 4668  0.009 0.047

Note: *p<0.1; *p<0.05; “**p<0.01; heteroscedasticity consistent standard errors (“HC3”) in parentheses
and estimated with the

R package sandwich (Zeileis, 2004; Zeileis et al., 2020)
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