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Abstract

People’s decisions may change when made in a foreign language (FL). Research testing this
foreign language effect (FLE) has mostly used scenarios where uncertainty is expunged or
reduced to a form of risk, whereas real-life decisions are usually characterized by uncertainty
around outcome likelihood. In the current work, we aimed to investigate whether the FLE on
decision-making extends to uncertain scenarios. Moreover, as it is still unclear what linguistic
and psychological factors contribute to the FLE, we tested the effects of participants’ FL
background, cognitive style and risk-taking attitude on decision processes under certain and
uncertain conditions. Overall, we report null effects of language context (native versus foreign
language) and problem condition (certain versus uncertain prospects) on participants’ choices.
In addition, we found that both FL background and decision makers’ traits modulated partici-
pants’ choices in a FL, without emerging into the ‘classic’ FLE on decision-making. However, the
direction of such effects was complex, and not always compatible with previous FLE theories. In
light of these results, our study highlights the need to reconceptualize the FLE and its implica-
tions on decision-making.

Highlights

o We investigated whether the FLE on decision-making extends to uncertain scenarios.

o We explored the impact of linguistic and psychological factors on bilinguals’ choices.

o We report null effects of language context and problem condition on decision-making.

o Both FL background and decision makers’ traits modulated participants’ choices in a FL.
o The direction of such effects was complex and often incompatible with previous theories.
o Our results call for a general rethinking of the FLE and its underlying mechanisms.

1. Introduction

Our ability to make effective decisions is affected by the quality of information we receive, and
such information is often communicated linguistically (Costa et al., 2017; Keller & Staelin, 1987).
In recent years, a growing body of literature has shown that language and decision-making
interact in guiding our choices, and, perhaps more strikingly, that decision outcomes may change
when information is presented in either our native (NL) or a foreign language (FL) (see, for meta-
analyses, Del Maschio, Crespi, et al., 2022a; Purpuri et al., 2024a). This language-of-presentation
effect — known as the so-called ‘Foreign Language Effect (FLE)’ — has been found in multiple
domains of decision-making, from people’s treatment of risk, losses and gains (e.g., Costa,
Foucart, Arnon, et al., 2014a) to superstitious thinking (Hadjichristidis et al., 2019) and moral
judgment (e.g., Costa, Foucart, Hayakawa, et al., 2014b). One key result of this stream of research
is that processing information in a FL would reduce susceptibility to cognitive biases, possibly by
affecting the contributions of intuition and deliberative reasoning in our decision-making
processes. It has been shown, for instance, that individuals operating in a FL are more likely to
display reduced risk-aversion in monetary gambles with positive expected value (e.g., Costa,
Foucart, Arnon, et al., 2014a) and increased utilitarian behavior in moral dilemmas tailored to the
deontological/utilitarian dichotomy (e.g., Cipolletti et al., 2016). Moreover, evidence has been
provided that using a FL may diminish the tendency to perceive causal relationships between
unrelated events (Diaz-Lago & Matute, 2019), reduce common superstitious beliefs
(Hadjichristidis et al., 2019) and increase tolerance for ambiguity (Purpuri et al., 2024b),
dishonesty (Yang et al., 2021) and crime (Woumans et al., 2020). As of yet, however, research
on the FLE has mostly focused on two particular classes of decision-making contexts, i.e., those
characterized by certainty and known risk. Under conditions of certainty, all relevant alternatives
are known, and each action leads to a certain outcome. Certainty is reflected in the typical
structure of moral dilemmas, where the outcomes of actions are presented as completely
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deterministic (e.g., ‘If you push the man on the footbridge, five
people will be saved; if you don’t, five people will be killed’). Under
known risk, all relevant alternatives are known, and the probabil-
ities of all outcomes for each alternative can be computed. The
architecture of known risk is reflected in certain types of gambling,
such as dice games or lotteries. For example, in a typical paradigm
involving risky financial decisions, participants must choose
between the sure option of receiving €1 or gamble for a 50% chance
to get nothing or €2.50.

Notably, in both moral and risky decision-making contexts,
experimental scenarios depict ‘small worlds’ of perfect information
where uncertainty is expunged or reduced to a form of risk, and
optimal strategies for utility maximization can be implemented.
However, this is rarely the case in everyday experience. In fact, the
majority of real-life scenarios we encounter are situations in which
the probability of future events and their possible outcomes cannot
be expressed with mathematical precision (Mousavi & Gigerenzer,
2014). Put differently, we live in ‘large worlds’ where some of the
alternatives and outcomes, in addition to their probabilities, are not
known for certain.

In the current work, we aimed to investigate whether the FLE
on decision-making extends to uncertain scenarios, which char-
acterize most of the decision-making contexts we encounter. In
addition, as it is still unclear what linguistic and psychological
factors contribute to the FLE, a second aim of the current study
was to investigate the effects of participants’ FL background,
cognitive style and risk-taking attitude on decision-making pro-
cesses under certain and uncertain conditions. By doing this, we
expected to provide a more comprehensive and ecological picture
of the FLE on choice behavior. Moreover, we expected to gain
deeper insights into the psychological underpinnings of this phe-
nomenon, the etiology and characteristics of which remain poorly
understood.

1.1. The present study

As highlighted above, research on the FLE has been largely biased
toward informational conditions where all risks are known and
optimization is possible. The primary aim of the current study was
to investigate the FLE in decision-making contexts where there is
uncertainty related to potential outcomes. To achieve this goal, we
presented to our participants, in either a NL or a FL context, two
kinds of problems characterized by uncertainty around outcome
likelihood: (1) Moral dilemmas with uncertain prospects, (2)
Exploration—exploitation problems. Both kinds of problems entail
a trade-off between conflicting objectives. In moral dilemmas, the
decision-maker must decide between committing a moral viola-
tion in order to maximize overall outcomes (utilitarian option) or
rejecting the moral violation based on consistency with moral
rules (deontological option). In exploration—exploitation prob-
lems, the decision-maker must decide between exploiting a known
source of reward (i.e., an option with a known beneficial outcome,
but which may devalue over time) or exploring the environment
to find alternative sources of reward (i.e., options of which little is
known about, but which might turn out to be of superior value). In
a between-group analysis, we investigated the effects of language
context and problem condition on participants’ choices. Across all
problems, we also evaluated the perceived emotional distress
associated with processing each scenario, a choice motivated by
explanatory hypotheses relating the FLE to reduced emotionality
in FLs (e.g., Caldwell-Harris, 2015; Costa, Foucart, Hayakawa,
et al., 2014b).
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Especially, early studies in the FLE literature have suggested that
the systematic deviations from norm or rationality that allegedly
characterize human reasoning (see Gilovich et al., 2002) are reduced
when operating in a FL, possibly reflecting a reduced impact of
intuition and/or an increased impact of cognitive control on decision
processes (Costa, Foucart, Arnon, et al., 2014a; Keysar et al., 2012).
More recently, however, null findings from various studies have cast
doubt on the generalizability of the FLE (e.g., Maekelee & Pfuhl, 2019;
Muda, Walker, et al., 2020; Vives et al., 2018), inspiring increasing
interest in the mechanisms and contexts modulating its occurrence.

A second aim of the current study was to investigate the effects of
participants’ FL background, cognitive style and risk-taking attitude
on bilinguals’ decision-making. To achieve this goal, in a within-
group analysis, we focused on participants assigned to the FL context
and examined whether their choices and perceived emotional dis-
tress were modulated by individual differences in FL background. We
extended to the FLE domain a conceptualization of bilingualism that
frames the phenomenon as a construct comprising several inter-
related dimensions and explored the extent to which bilinguals varied
along FL proficiency, FL exposure and FL immersion — all measured
as continuous variables (see Del Maschio, Del Mauro, et al., 2022b;
Sulpizio et al., 2020). In addition, we tested for potential interactions
between significant effects of FL background and decision-makers’
traits on choice behavior and distress ratings. The inclusion of these
measures allowed us to look into whether the effects of variables
related to bilinguals’ language experience were influenced by indi-
vidual dispositions toward risk and reflective thinking.

Based on previous evidence on monolingual (e.g., Kortenkamp
& Moore, 2014) and bilingual individuals (e.g., Hadjichristidis et al.,
2015), we hypothesized that the FLE would extend to uncertain
scenarios. Consistent with Del Maschio, Del Mauro, et al. (2022b),
we also assumed that FL proficiency, FL exposure and FL immer-
sion would interact in modulating both decision outcomes and
distress ratings in FL contexts. In particular, higher levels of pro-
ficiency and exposure to the FL, as well as continuous FL usage in
immersive contexts, were expected to reduce utilitarian inclinations
in moral dilemmas and exploratory behavior in exploration—
exploitation problems. In line with the hypothesis that high levels
of proficiency and exposure to the FL promote emotional ground-
ing (see, Hayakawa et al., 2016), increased proficiency and exposure
were also expected to generate higher emotional distress associated
with FL processing. Earlier work indicated that propensity toward
reflective (versus intuitive) thinking can predict utilitarian (versus
deontological) moral judgments (e.g., Paxton et al., 2012), and that
risk and novelty seeking can bias decisions toward exploration (e.g.,
Wittmann et al., 2008). Based on these findings, we predicted that
significant effects of FL background would be modulated by meas-
ures of cognitive reflection and risk-taking attitude.

2. Materials and methods
2.1. Participants

The sample size was established on the basis of previous FLE studies
that operationalized bilingualism as a continuous variable (e.g., Del
Maschio, Del Mauro, et al., 2022b; Muda, Walker, et al., 2020;
Privitera et al., 2023). Three hundred thirty-nine young adults
(234 F, Mg = 25, = SDpge = 4.27 years) volunteered to participate
in the study. Participants were recruited via advertisements on
university bulletin boards and social media. All participants were
native Italian speakers (NL) who spoke English as a foreign lan-
guage (FL). Participants were randomly assigned to a NL context
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(Italian; N = 168) and a FL context (English; N = 171). Across
language contexts, participants were matched on age (NL:
M = 2482, SD = 4.11; FL: M = 25.19, SD = 4.44; W = 15025,
p = .462), gender (NL: 123 F; FL: 111 F, * = 2.357, p = .125) and
education (NL: M = 16.15, SD = 2.17; FL: M = 16.58, SD = 1.97;
W = 16004, p = .063). All participants declared no history of
neurological or psychiatric disease, nor current treatment with
psychiatric medications. All participants gave their informed con-
sent prior to being enrolled. The study was approved by the Human
Research Ethics Committee of the San Raffaele Hospital (Milan,
Italy).

2.1.1. Foreign language background

Participants’ FL background was assessed by means of both sub-
jective and objective measures. The Language History Question-
naire (version 3) (LHQ3; Li et al, 2020) was used to assess
participants’ FL Age of Acquisition (AoA), Proficiency, Exposure
and Immersion. AoA was operationalized as the lowest age at which
participants began to listen to, or learn to speak or write, in the
FL. Proficiency was calculated as the weighted sum of participants’
self-ratings on their level of speaking, listening, reading and writing
in the FL. Participants rated their proficiency level on a 7-point
scale (1 = ‘Very poor’; 7 = ‘Excellent’). The amount of Exposure to
the FL was computed by asking participants how many hours per
day they spent speaking, listening, reading and writing in their
languages at the time of testing. A normalized score for FL daily
Exposure was then computed (0 = No exposure to the FL; 1 = Expos-
ure to the FL only). FL Immersion was computed as an aggregate
score based on participants’ current age, FL AoA and years spent
using the FL. Moreover, an objective measure of FL Proficiency was
collected by means of the online English Language Assessment
(ELA) developed by Cambridge (https://www.cambridgeen
glish.org) (see Sulpizio et al., 2019). The ELA includes 25 multiple-
choice items to assess general English knowledge, requiring parti-
cipants to choose the correct grammar option to fill in the blanks
within English sentences. The proficiency score was calculated
upon the sum of correct responses (score range: 0—25 points).
The score provides an estimation of English proficiency in terms
of the reference levels defined by the Common European Frame-
work of Reference for Languages (i.e., A1, A2, B1, B2, C1, C2). The
objective proficiency levels of participants assigned to the FL con-
text were distributed as follows: A2 = 19% (N = 33), Bl = 21%

Table 1. Descriptive statistics of participants’ assessment measures

(N=35),B2=26% (N=45),C1=13% (N=23),C2=12% (N =20).
Fifteen participants (9%) did not complete the ELA.

Descriptive statistics of participants’ FL background are reported
in Table 1.

2.1.2. Cognitive style and risk-taking attitude

Participants’ cognitive style was evaluated through the Cognitive
Reflection Test (CRT; Frederick, 2005). The CRT measures the pro-
pensity to engage in reflective thinking in lieu of prepotent respond-
ing. In particular, the CRT presents three mathematical problems that
trigger an intuitive but incorrect response, which requires reflective
thinking to be ultimately rejected (see Supplementary Material for the
full illustration of problems). As such, the CRT is believed to provide
an indication of people’s ability to ‘override’ an incorrect impulsive
response to counterintuitive problems. The CRT can be scored using
different procedures (Erceg & Bubi¢, 2017). We opted for the most
commonly used procedure, that is, the sum of participants’ correct
responses on the three problems, ranging from 0 to 3. This score is
supposed to reflect individual differences in reflective thinking
(i.e., the ability to reflect upon, and ultimately override, intuitive
responses). The higher the score, the more reflective thinking is
employed to solve the problems.

Participants’ risk-taking attitude was assessed by means of the
Italian adaptation (Fossati & Somma, 2021) of the Personality
Inventory for DSM-5 (PID-5) — Adult (Krueger et al., 2012). Only
the 14 items pertaining to the personality trait facet of risk-taking
were used (i.e., items 3, 7, 35, 39, 48, 67, 69, 87, 98, 112, 159, 164,
195, 215). Each item refers to a statement regarding how people
may describe themselves in risky situations. Participants were asked
to carefully read and rate how well each statement described them
on a 4-point scale (0 = “Very false or often false’; 3 = “Very true or
often true’). A risk-taking score was then computed by summing
the individual scores on the 14 items (range: 0—42 points). The
higher the score, the higher participants’ willingness to take risks.
Descriptive statistics for participants’ cognitive style and risk-
taking measures are reported in Table 1.

2.2. Materials

Two moral dilemmas (Surgeon and Bike week; adapted from Cecchetto
et al,, 2017) and two exploration—exploitation problems (Oil drilling

Whole sample (N = 339)

NL context (N = 168) FL context (N =171)

Mean (SD) Range Mean (SD) Range Mean (SD) Range
Education 16.37 (2.08) 8-24 16.15 (2.17) 8-24 16.58 (1.97) 11-22
FL AoA 5.92 (2.33) 0-19 5.97 (2.25) 0-19 5.87 (2.41) 0-14
FL normalized daily exposure 0.18 (0.17) 0-0.94 0.15 (0.15) 0-0.78 0.21 (0.18) 0-0.94
FL subjective proficiency 0.69 (0.17) 0.14-1 0.64 (0.18) 0.14-1 0.74 (0.14) 0.32-1
FL immersion 0.73 (0.1) 0.09-0.98 0.71 (0.11) 0.09-0.91 0.74 (0.08) 0.41-0.98
FL objective proficiency 17.67 (4.25) 6-25
CRT-reflective 1.73 (1.17) 0-3 1.59 (1.19) 0-3 1.88 (1.14) 0-3
Risk-taking attitude 17.56 (7.77) 1-41 17.68 (7.93) 1-41 17.44 (7.63) 2-39

Note: Means, standard deviations (SD) and range are reported for each measure. FL Age of Acquisition (AoA), FL Exposure normalized scores, FL subjective Proficiency and FL Immersion were
collected through the Language History Questionnaire (LHQ3). The English Language Assessment (ELA) was used to collect FL objective Proficiency data from participants assigned to the FL
context. The CRT-Reflective score was computed as the sum of participants’ correct responses on the three Cognitive Reflection Test problems, ranging from 0 to 3. Risk-taking attitude was

collected through the Italian adaptation of the Personality Inventory for DSM-5 (PID-5).
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company and Broken Glass; adapted from Mehlhorn et al., 2015) were
used as experimental stimuli (see, for details, Supplementary Material).

Moral dilemmas contained scenarios in which the decision-
maker had to choose between killing one person to save a group
of people (utilitarian option) or not killing one person and letting
the group die (deontological option). The dilemmas were kept as
homogeneous as possible in terms of potential moderating factors:
both were personal, other-beneficial, avoidable and instrumental
(see Christensen & Gomila, 2012). To rule out possible biases
produced by in/out group differences (e.g., Swann et al., 2010;
Uhlmann et al., 2009), the age, gender, socioeconomic status,
ethnicity and cultural identity of the individuals described in each
scenario were not specified. Moreover, the number of saved lives
in the scenarios ranged from 5 to 7, following the categorical
distinction proposed by Christensen et al. (2014) (I. 5-10;
II. 11-50; III. 100-150; IV. ‘thousands’ or ‘masses’ of people).
The structure (i.e., the presentation order of relevant informa-
tion), the expression style (e.g., the amount of descriptive and
dramatic language) and the wording of dilemmas were kept as
homogeneous as possible for all scenarios and their language
versions. The word count in both languages was also kept as close
as possible. Outcome uncertainty was manipulated by creating
two versions of each dilemma: a version formulated as determin-
istic in nature (outcomes of all actions were certain to happen — we
refer to this version as ‘certainty’ condition); a version formulated
as nondeterministic in nature (outcomes of all actions were
uncertain to happen — we refer to this version as ‘uncertainty’
condition). To express different modal meanings (i.e., necessity
versus possibility), two different auxiliary verbs (i.e., will/might)
were assigned, respectively, to the certain and uncertain versions
of each dilemma [e.g., ‘(...) If you transplant his organs into the
bodies of the other five patients, they (will/might) be saved but the
donor (will/might) die’ — Surgeon dilemma].

Exploration—exploitation problems contained scenarios in
which the decision-maker had to choose between a familiar option
with a known but potentially devaluing payoff (exploitation) and an
alternative option with an uncertain but potentially higher payoff
(exploration). As with moral dilemmas, the problems were kept as
homogeneous as possible in terms of potential moderating factors.
Their structure, expression style and so forth were kept as homo-
geneous as possible for all scenarios and their language versions. As
exploration—exploitation problems inherently involve outcome
uncertainty, a single version of each problem was administered to
participants.

For each language (i.e,, NL, FL), two lists of problems were
arranged. In the ‘certainty’ condition (CC) list, Surgeon and Bike
week were presented in their ‘certain’ version, together with the Oil
drilling company and Broken glass problems. In the ‘uncertainty’
condition (UC) list, Surgeon and Bike week were presented in their
‘uncertainty’ version, together with the Oil drilling company and
Broken glass problems. Participants were randomly assigned to
either the CC or the UC lists. In the NL context, 84 participants
were assigned to the CClist and 84 to the UC list; in the FL context,
82 participants were assigned to the CC list and 89 to the UC list.
Participants across the four lists did not differ in age (x* = 3.01,
p=.39), gender (X2 =5.92, p =.12) or education (xz =531,p=.15).

2.3. Procedure

All questionnaires were implemented via Google Forms and
administered online to all participants. Debrief and instructions
were given to all participants in Italian (NL). All other
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measurements were administered in one language, consistent with
the condition participants were assigned to. Participants were asked
to complete the experiment in one session. No manipulation of time
pressure was exerted.

First, participants were asked to provide sociodemographic
information. Then, they were presented with a problem list
(CC or UG, either in the NL or FL). Afterwards, measures related
to participants’ FL background were collected, followed by the
PID-5 and the CRT. The experimental session lasted ~40 min for
participants in the NL condition, and ~ 55 min for participants in
the FL condition, due to the additional measure collected for those
in the FL context (i.e., the ELA). Within each list, the presentation
order of the stimuli was randomized across participants. Dilemmas
and problems were followed by multiple questions presented in a
fixed order for all participants:

(1) Adichotomous (yes/no) question followed both moral dilem-
mas and exploration—exploitation problems. After reading
the moral dilemmas, participants were asked whether they
would choose, for each scenario, the utilitarian option of
killing one to save many (Do you decide to... yes = utilitarian
response; no = deontological response). After reading the
exploration—exploitation problems, participants were asked
whether they would choose the exploitative or the exploratory
option (Do you decide to... option 1 = exploitative response;
option 2 = exploratory response).

(2) Participants rated the extent to which dilemmas and prob-
lems made them feel distressed on three 7-point scales, each
referring to a particular negative emotion or state of being
(Thinking about the scenario I just read, I felt...upset, worried,
sad. 1 = not at all, 4 = somewhat, 7 = very much).

Finally, participants assigned to the FL context were required to
self-rate their understanding of each dilemma or problem pre-
sented in the FL on a 7-point scale (Did you understand the English
text in which the problem was presented? 1 = not at all, 4 = average,
7 =very well). A comprehension rate <2 in atleast one dilemma or
problem was set as a participant’s exclusion criterion.

2.4. Statistical analyses

Statistical analyses were run on R software (version 4.3.0) (R Core
Team, 2015). First, a between-group analysis was used to investigate
potential differences in decision-making as a function of language
context and problem condition. Second, a within-group analysis
was used to test whether decision-making in a FL was influenced by
variability in the FL background of bilingual speakers. In addition,
we tested for potential interactions between significant effects of FL
background and decision-makers’ traits (i.e., cognitive style and
risk-taking attitude) on choice behavior.

Five participants were excluded from subsequent analyses
because of poor understanding of the materials, leading to a final
sample of 168 participants in the NL context and 166 in the FL
context. Participants assigned to the NL and FL contexts were
matched for age (W = 14723, p-value = .376) and gender
(% = 2.23, p-value = .135), but were slightly unbalanced in terms
of education (W = 15675, p-value = .045). Therefore, education
was entered as a covariate in the between-group analyses.

2.4.1. Between-group analysis (the effects of language context,
problem condition and problem type on decision-making)
Moral dilemmas. Mixed-effect models were implemented testing
the effects of language context (i.e., ‘native language — NL’ versus
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‘foreign language — FL') and problem condition (i.e., ‘certainty —
CC versus ‘uncertainty — UC’), as well as their interaction, on
participants’ moral decisions (utilitarian versus deontological
responses) and emotional distress (distress ratings). A predictor
was retained only when its inclusion determined a significant
increase in explained variance. In case of a significant interaction,
all the lower-order terms involved were retained. Participants and
moral scenarios (i.e., Bike week dilemma and Surgeon dilemma)
were modeled as random effects.

The effects of language context and problem condition on
participants’ moral decisions were assessed by means of a logistic
mixed-effect model with type of response (‘yes’ versus ‘no’, with
‘yes’ codifying the utilitarian response) as a dependent variable (the
logistic mixed-effect model was run using the glmer function in the
Ime4 library; Bates, Machler, Bolker, & Walker, 2015). For per-
ceived emotional distress, since the three distress items showed
good internal consistency (Cronbach’s alpha was 0.85 for Bike week
and 0.86 for Surgeon), we averaged them to obtain a single distress
score and ran a linear mixed-effect model with the mean distress
rating as a dependent variable (the linear mixed-effect model was
run using the Imer function in the lme4 library; Bates et al., 2015).
Participants’ ‘(years of formal) education’ was entered as a covariate
in all statistical models.

Exploration—exploitation problems. The same analyses imple-
mented for moral dilemmas were also implemented for explor-
ation—exploitation problems, the only differences being the
following: a) In the logistic mixed-effect models investigating
participants’ choices, the two levels of the dependent variable
were ‘exploration’ and ‘exploitation’; b) Since problems were
presented only in one condition, there was no ‘certainty’ versus
‘uncertainty’ condition predictor; ¢) The two levels of the random
term ‘scenarios’ were Broken glass and Oil drilling company.
Moreover, since also in this case, the three items for emotional
distress showed good internal consistency (Cronbach’s alpha was
0.84 for Oil drilling company and 0.83 for Broken Glass), we
averaged them to obtain a single distress score. Participants’
‘(years of formal) education’ was entered as a covariate in all
statistical models.

2.4.2. Within-group analysis (the effects of FL background on
decision-making)
Before running the analyses, Spearman’s correlations among
measures of FL background were computed to check for any
strong correlation (r > .50, see, e.g., Taylor, 1990) and thus avoid
multicollinearity (for the correlation matrix, see Supplementary
Figure S1). ‘FL objective Proficiency’, ‘FL normalized Exposure’
and ‘FL Immersion’ were selected as predictors. We reasoned
that, as immersion takes into account active language use for
extended periods of time, it represents a more valid measure of
language exposure throughout the lifespan than AoA. Therefore,
we entered ‘FL Immersion’, and not ‘FL AoA’, as a predictor in
our models. ‘FL Immersion’, ‘FL Exposure’ and ‘FL Proficiency’
were centered and scaled before being entered in statistical
models. We built up our models by starting from the individual
and interactive effects of ‘FL Proficiency’, ‘FL Exposure’, and ‘FL
Immersion’. Predictors were retained only when their inclusion
determined a significant increase in explained variance. When an
interaction was significant, all the lower-order terms involved
were retained.

Moral dilemmas. The same three dependent variables of the
previous between-group analysis were investigated, i.e., the type of
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response (‘yes’ versus ‘no’) given to each dilemma (by means of a
logistic mixed-effect model) and the emotional distress ratings
(by means of a linear mixed-effect model). Participants and moral
scenarios (i.e., Bike week dilemma and Surgeon dilemma) were
modeled as random effects.

Exploration—exploitation problems. The same analyses imple-
mented for moral dilemmas were also implemented for explor-
ation—exploitation problems, the only differences being those
previously described in the between-group analysis section.

2.4.3. Further analyses (the interactive effects of linguistic and
psychological variables on decision-making)

For both moral dilemmas and exploration—exploitation problems,
we further investigated whether significant effects of FL back-
ground were modulated by participants’ cognitive style and risk-
taking attitude. To do this, when a significant effect of FL back-
ground emerged, the interaction between the FL variables proved to
be significant, and participants’ traits were tested by entering the
CRT the PID-5 scores in the final model as further predictors.
Participants and scenarios were modeled as random effects. Main
effects and interactions were tested as discussed above. CRT and
PID-5 scores were tested in separate analyses. Both the CRT and the
PID-5 scores were centered and scaled before being entered into
statistical models.

3. Results

3.1. Between-group analysis (the effects of language context
and problem condition on decision-making)

3.1.1. Moral dilemmas

For each moral dilemma, the proportion of utilitarian responses
and the mean emotional distress ratings as a function of language
context and problem condition are represented in Figure 1. Signifi-
cant effects of tested predictors are reported separately for each
dependent variable.

Moral decisions (binary responses). No effect of language context
(= .504, p-value = 478, beta = —.155, st.err. = .215, z-value =.723)
or problem condition (y° = 2.7, p-value = .1, beta = —.36, st.err. =
.216, z-value = —1.666), nor their interaction (x2 =3.387, p-value =
.066, beta = —.806, st.err. = 433, z-value = —1.860), on participants’
moral decisions reached significance.

Emotional distress (rating scales). The main effect of language
context (y* = 4.736, p-value = .030) on participants’ distress ratings
reached significance. Specifically, a lower emotional distress was
associated with NL (versus FL) processing (beta = —0.380, st. err. =
0.174, t-value = —2.179). Neither the effect of problem condition
(¢ = 2.603, p-value = .107, beta = —.280, st.err. = .174, t-value =
—2.213) nor the interaction (Xz =.304 p-value = .581, beta = —.191,
st.err. = .348, t-value = —.549) reached significance.

3.1.2. Explorations versus exploitation problems

For each exploration—exploitation problem, the proportion of
explorative responses and the mean emotional distress ratings as
a function of language context are represented in Figure 1. Signifi-
cant effects of tested predictors are reported separately for each
dependent variable.

Explorations versus exploitation choices (binary responses). No
significant effect of language context on participants’ decisions was
observed (x* = 1.804, p-value = .191, beta = —.293, st.err. = .216,
z-value = —1.356).
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Figure 1. Effects of language context and problem condition on participants’ decision-making and perceived emotional distress. For moral dilemmas (on top), the percentage of
utilitarian responses (left panel) and the mean emotional distress ratings (right panel) are reported as a function of language context (FL = foreign language; NL = native language)
and problem condition (CC = certainty condition; UC = uncertainty condition). For exploration—exploitation problems, the percentage of explorative responses (left panel) and the
mean emotional distress ratings (right panel) are reported as a function of language context. Error bars represent the standard error of the mean. Significant differences between

language contexts are marked with an asterisk (p <.05).

Emotional distress (rating scales). A significant effect of language
context (x> = 21.078, p-value < .001) on participants’ emotional
distress was detected, with lower ratings associated with NL (versus
FL) processing (beta = —0.673, st. err. = 0.145, t-value = —4.651)".

3.2. Within-group analysis (the effects of FL background on
decision-making)

3.2.1. Moral dilemmas
For each moral dilemma, significant effects of FL background are
reported separately for each dependent variable.

'As the estimated linear mixed-effect model was singular, the random term
explaining the lowest variance, ie., scenarios, was removed from the fitted
model.
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Moral decisions (binary responses). A significant three-way
interaction between FL proficiency, FL exposure and FL immer-
sion on participants’ moral decisions was observed (x*(1) =5.719,
p-value = .017, beta = —.379, st. err. = .216, z-value = —1.752; see
Supplementary Figure S2 and Supplementary Table S1). In par-
ticular, for participants with a low immersive experience with the
FL, the probability of choosing the utilitarian (versus deonto-
logical) option increased with increasing proficiency when FL
exposure at the time of testing was high, whereas the same
probability decreased when FL exposure was low. For participants
with a highly immersive experience with the FL, the probability of
choosing the utilitarian (versus deontological) option decreased
with increasing proficiency when FL exposure at the time of
testing was high, while the same probability increased when FL
exposure was low.
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Figure 2. Effects of foreign language (FL) proficiency on participants’ perceived emotional distress in exploration-—exploitation problems. The figure represents the main effect of
objective proficiency in the FL (ELA score) on the emotional distress (mean emotional distress ratings) associated with processing exploration—exploitation problems. Values
represent the predicted values conditioned on FL proficiency derived from the fitted model. The FL proficiency predictor is represented as scaled and centered.

Emotional distress (rating scales). The three-way interaction
between FL proficiency, FL exposure and FL immersion on partici-
pants’ emotional distress ratings reached significance (x*(1) = 4.892,
p-value = .027, beta = —.197, st. err. = .091, t-value = —2.171; see
Supplementary Figure S3 and Supplementary Table S2). In particu-
lar, for participants with a low immersive experience with the FL, the
perceived emotional distress increased with increasing proficiency
when FL exposure at the time of testing was high, whereas it decreased
when FL exposure was low. The reverse pattern was observed for
participants with a highly immersive experience with the FL.

3.2.2. Exploration-exploitation problems
Exploration versus exploitation choices (binary responses). A sig-
nificant two-way interaction between FL proficiency and FL expos-
ure on participants’ explorative (versus exploitative) responses was
observed (y*(1) = 4.867, p-value = .027, beta = .366, st.err. = .175,
z-value = 2.096; see Supplementary Table S3). In particular, for
participants with a high exposure to the FL at the time of testing, the
probability of choosing the explorative (versus exploitative) option
increased with increasing proficiency, whereas the same probability
decreased when FL exposure was lower. The FL proficiency x FL
immersion interaction on participants’ choices also reached sig-
nificance (x*(1) = 4.999, p-value = .025, beta = 419, st.err. = .194,
z-value = 2.161; see Supplementary Figure S4 and Supplementary
Table S3). The interaction showed that the probability of explora-
tive responses increased with increasing proficiency for partici-
pants with a highly immersive experience with the FL, whereas it
decreased when the degree of FL immersion was lower. No other
effect reached significance (all p-values > .40).

Emotional distress (rating scales). A main effect of FL proficiency
on participants’ emotional distress ratings emerged (1) = 9.031,
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p-value = .003), revealing that participants with a higher proficiency
level experienced a lower emotional distress (beta = —.364, st.err. =
.120, t-value = —3.033; see Figure 2)°. No other effect reached
significance (all p-values > .09; Supplementary Table S4).

3.2.3. Further analyses (the interactive effects of linguistic and
psychological variables on decision-making)

The effects of FL background that emerged as significant in previ-
ous analyses were further inspected in interaction with cognitive
style (CRT) and risk-taking (PID-5) measures.

3.2.4. Reflective thinking (CRT score)

Moral dilemmas: Moral decisions (binary responses). The CRT score
was added into the final model, including the three-way interaction
between FL proficiency, FL exposure and FL immersion. The FL
proficiency x FL exposure x FL immersion interaction on partici-
pants’ moral responses was still significant (x*(1) = 10.808, p-value
=.001, beta = —.525, st.err. =.210, z-value = —2.503). Furthermore,
a significant FL proficiency x FL immersion x CRT score inter-
action was observed (Xz(l) = 8.815, p-value = .003, beta = —.739, st.
err. = 272, z-value = —2.720; see Supplementary Figure S5 and
Supplementary Table S5). For participants with a low propensity
toward reflective (versus intuitive) thinking, the probability of
choosing the utilitarian (versus deontological) option increased
with increasing proficiency when experience with the FL was highly
immersive, while the same probability decreased when the degree
of FL immersion was lower. In participants with a high propensity
toward reflective (versus intuitive) thinking, the probability of

2See footnote 1.
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choosing the utilitarian (versus deontological) option decreased
with increasing proficiency when experience with the FL was highly
immersive, whereas it increased when the degree of FL immersion
was lower.

Moral dilemmas: Emotional distress (rating scales). The CRT
score was added into the final model, including the three-way
interaction between FL proficiency, FL exposure and FL immer-
sion. The FL proficiency x FL exposure x FL immersion interaction
on participants’ moral responses was still significant ((1) = 6.776,
p-value = .009, beta = —.233, sterr. = .092, t-value = —2.545).
Furthermore, a significant FL immersion x CRT score interaction
was observed (}*(1) = 4.123, p-value = .042; see Supplementary
Figure S6 and Supplementary Table S6), indicating that the per-
ceived emotional distress decreased with increasing FL immersion
for participants with a high propensity toward reflective (versus
intuitive) thinking, whereas it increased when the propensity
toward reflective (versus intuitive) thinking with lower (beta =
—.271, st.err. = .137, t-value = —1.976).

Exploration—exploitation problems: Exploration versus exploit-
ation choices (binary responses). When the CRT score was added
into the final model, both the two-way interaction between FL
proficiency and FL exposure (x’(1) = 4.869, p-value = .027, beta =
.366, st.err. = .175, z-value = 2.096) and the two-way interaction
between FL proficiency and FL immersion (x*(1) = 4.999, p-value =
.025, beta = 419, st.err. =.194, z-value = 2.161) were still significant.
No other effect reached significance (all y* < 1, all p-values > .20).

Exploration—exploitation problems: Emotional distress (rating
scales). When the CRT score was added into the final model, the

Nicola Del Maschio et al.

main effect of FL proficiency on participants’ emotional distress
ratings was still significant (x*(1) = 9.031, p-value = .003, beta =
—.364, st.err. = .120, t-value = —3.033). No other significant effect
was observed (all ¥ < 1.5, all p-values > .20).

3.2.5. Risk-taking attitude (PID-5)
Moral dilemmas: Moral decisions (binary responses). The PID-5
score was added as a further predictor in the final model, including
the three-way interaction between FL proficiency, FL exposure and
FL immersion. The FL proficiency x FL exposure x FL immersion
interaction was still significant (xz(l) = 4.311, p-value = .038,
beta = —.414, st.err. = .331, z-value = —1.251). Moreover, a two-
way interaction between FL proficiency and risk-taking attitude
(Xz(l) = 9.157, p-value = .002), showing that the probability of
choosing the utilitarian (versus deontological) option decreased
with increasing proficiency for participants with a higher risk-
taking attitude, while the same probability increased for partici-
pants with a lower risk-taking attitude (beta = —.520, st.err. = .184,
t-value = —2.817; see Figure 3 and Supplementary Table S7).
Moral dilemmas: Emotional distress (rating scales). The PID-5
score was added as a further predictor in the final model, including
the three-way interaction between FL proficiency, FL exposure and
FL immersion. The three-way interaction between FL proficiency,
FL exposure and FL immersion was no more significant (o2Q) =
2.184, p-value = .139). Nevertheless, a significant three-way inter-
action between FL proficiency, FL exposure and risk-taking
attitude was observed (x*(1) = 7.498, p-value = .006, beta = —.391,
st.err. = .145, z-value = —2.701; see Supplementary Figure S7 and

100%
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Figure 3. Interactive effects of foreign language (FL) proficiency and risk-taking attitude on participants’ moral choices.The figure represents the two-way interaction between
objective proficiency in the FL (ELA score) and risk-taking attitude (PID-5 score) on participants’ moral choices (i.e., number of utilitarian responses in moral dilemmas). Values
represent the predicted probability conditioned on the fixed effect terms (i.e., FL proficiency and risk-taking attitude) specified in the fitted model. Minimum and maximum values
(i.e., lower and upper bounds) of the PID-5 score were used to plot the interaction. Both predictors are represented as scaled and centered.
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Supplementary Table S8). In particular, in participants with a
lower risk-taking attitude, the perceived emotional distress mar-
ginally increased with increasing proficiency when FL exposure at
the time of testing was high, whereas it marginally decreased when
FL exposure was lower. In participants with a higher risk-taking
attitude, emotional distress decreased with increasing proficiency
when FL exposure was high, while it marginally increased when
FL exposure was lower.

Exploration—exploitation problems: Exploration versus exploit-
ation choices (binary responses). The PID-5 score was added as a
further predictor in the final model including a two-way interaction
between FL proficiency and FL exposure and a two-way interaction
between FL proficiency and FL immersion. Both the FL proficiency
x FL exposure interaction (xz(l) =4.175, p-value = .041, beta = .337,
st.err. = .173, z-value = 1.946) and the FL proficiency x FL immer-
sion interaction (xz(l) =6.012, p-value = .014, beta = 461, st.err. =
.197, z-value = 2.347) were still significant. Furthermore, the main
effect of risk-taking attitude reached significance (}*(1) = 4.399,
p-value = .036; see Supplementary Table S9), with a greater ten-
dency to choose the explorative (versus exploitative) choice in
participants with a higher risk-taking attitude (beta = .340, st.err. =
.165, z-value = 2.058).

Exploration—exploitation problems: Emotional distress (rating
scales). The PID-5 score was added as a further predictor into the
final model, including FL proficiency. The main effect of FL pro-
ficiency on participants’ emotional distress ratings was still signifi-
cant (x*(1) = 9.031, p-value = .003, beta = —.364, st.err. = .120,
t-value = —3.033). No other effect reached significance (all ¥ < 3,all
p-values > .09).

4. Discussion

Uncertainty is ubiquitous in realistic settings, yet research on the
FLE has largely overlooked whether the lack of information about
the probability of future events affects people’s choices in a FL. In
the next paragraphs, we first discuss participants’ differences in
choice behavior as a function of language context and problem
condition. Then, we discuss the role of emotional distress on parti-
cipants’ decisions in light of emotion-based accounts of the FLE. We
then examine whether decision-making in a FL was influenced by
variability in the language experiences of our bilingual speakers.
Finally, we discuss significant interactions between linguistic and
psychological factors on participants’ decision-making. We conclude
by outlining the relevance of our results for research on the FLE.

4.1. Between-group analysis (the effects of language context
and problem condition on decision-making)

Overall, our between-groups analyses showed null effects of lan-
guage context (NL versus FL) and problem condition (certainty
versus uncertainty) on participants’ decision-making (for both
moral dilemmas and exploration—exploitation problems).

At present, the available evidence regarding the putative effects
of language context on moral decision-making is mixed. While
especially early investigations reported a greater preference for
utilitarian over deontological options when making judgments in
a FL, such evidence did not consistently replicate in more recent
studies (e.g., Bialek, Paruzel-Czachura, & Gawronski, 2019; Del
Maschio, Del Mauro, et al., 2022b; Feng et al., 2023; Hayakawa
et al., 2017; Muda, Walker, et al., 2020; Nadarevic et al., 2021). In
addition, contrary to our predictions, response patterns to moral
dilemmas were very similar under certain and uncertain prospects
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in both languages. Problem condition was manipulated by creating,
for each dilemma, a ‘deterministic’ version (the auxiliary verb ‘will’
was used to indicate that the outcomes of all prospected actions
were certain to happen) and a nondeterministic version (the aux-
iliary verb ‘might’ was used to indicate that the outcomes of all
prospected actions were uncertain). In interpreting our null finding
of problem condition on moral decisions, we cannot rule out the
possibility that our linguistic manipulation was too small to influ-
ence the decision-making processes of our participants.

It has been suggested that risks appear smaller in a FL. For
instance, potential hazards associated with various activities and
technologies (e.g., traveling by airplane, chemical fertilizers) are
perceived as less risky and more beneficial when presented in a FL
compared to a NL (Hadjichristidis et al., 2015). On these grounds,
we predicted that, when confronted with a trade-off between
repeating a past action in expectation of a familiar outcome
(exploitation) and a novel action whose outcome is uncertain but
potentially of superior value (exploration), participants assigned to
a FL context would be more willing to engage in riskier, exploratory
behavior than those assigned to the NL context. However, although
the use of a FL prompted a marginally higher proportion of
explorative (versus conservative) decisions than the NL across
exploration—exploitation problems, such differences failed to reach
statistical significance.

4.2. Areduced emotional resonance when making decisions in
aFL?

The FLE has been mostly interpreted as emerging from a reduction
in emotional processing. In particular, especially in unbalanced
bilinguals, operating in a FL is supposed to elicit higher emotional
distancing compared to the NL (see Caldwell-Harris, 2015). In
decision-making contexts, a weaker emotional resonance of the
FL is expected to reduce the likelihood of affect-based responses to
decision problems in favor of more deliberative cost—benefit
appraisals (e.g., Cipolletti et al., 2016; Costa, Foucart, Hayakawa,
et al., 2014b). Our results do not support this hypothesis. Indeed,
our participants reported perceiving a higher emotional distress in
the FL than in the NL, in sharp contrast with the emotional
distancing hypothesis. Of note, this pattern was relatively consistent
across dilemmas and problems, and independent of problem con-
dition. This result is unexpected and adds to other problematic
findings that defy predictions based on the emotion-reducing effect
of FLs in decision-making contexts (e.g., Chan et al., 2016; Del
Maschio, Del Mauro, et al., 2022b; Geipel et al., 2015; Miozzo et al.,
2020; Muda, Walker, et al., 2020). Chan et al. (2016), for example,
administered a large number of moral dilemmas to a group of
Chinese—English bilinguals and tested whether emotional arousal
played a mediating role in the effect of language on moral choices.
The authors failed, in the first place, to report any significant
relationship between language and moral choices except for the
Footbridge dilemma. Crucially, this stimulus-specific effect of lan-
guage was not mediated by emotional arousal, in contrast with the
emotional distancing hypothesis. Similar findings were previously
obtained by Geipel et al. (2015), who found an effect of language on
moral judgment but failed to observe a mediating role of emotion. It
is noteworthy that our findings do not simply testify a lack of
connection between FLE and emotional processing, but suggest
that processing decision problems in a FL generates higher emo-
tional distress as compared to NL contexts. A tentative explanation
for this result relates perceived emotional distress to cognitive
effort. The mere fact of making a high-conflict decision in a FL,
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in a sample of participants who speak a FL with varying degrees of
proficiency and exposure, but who were born and raised in envir-
onments in which their NL was dominantly spoken, may increase the
cognitive effort associated with processing a FL text, making pro-
cessing more frustrating or distressing. However, at least two elem-
ents seem to weaken this interpretation. First, the increased cognitive
effort associated with processing problems in a FL is expected to lead
to greater reliance on intuitive and affective processes, exacerbating
decision biases (e.g., Costa et al., 2014a; Hayakawa et al.,, 2017; cf. also
the ‘reduced-systematicity account’ in Keysar et al., 2012). This is not
warranted by the lack of significant differences between participants’
choices as a function of language context. Second, cognitive effort is
unlikely to be associated with feelings or moods like being ‘upset’,
‘sad’ or ‘worried’ (i.e., the probes of our emotional distress questions).
We speculate that other kinds of feelings or moods (e.g., ‘frustration’)
are more likely to be associated with cognitive effort or overload.
Future research may investigate the mechanisms underlying the
putative interplay between cognitive effort, FL context and emotional
processing by designing questions specifically aimed at assessing the
emotional correlates of cognitive effort in FL versus NL contexts. On
the whole, in light of the null effects of language context and problem
condition on bilinguals’ decision-making, the only inference that
seems safe to draw from this particular set of findings is that the
emotional distancing hypothesis is not suitable to explain the higher
distress in the FL (versus NL) that we consistently report across
problems.

4.3. Within-group analyses (the effects of FL background and
psychological variables on decision-making)

We operationalized bilingualism as a construct comprising several
interrelated dimensions and adopted a perspective that takes into
account the extent to which individuals vary as bilinguals along FL
proficiency, FL exposure and FL immersion. As predicted, these
variables were found to interact in modulating decision outcomes
across both moral dilemmas and exploration—exploitation prob-
lems. However, the modulatory role of specific components of
bilinguals’ language experience emerged for some problems but
not others, and in the face of a null effect of language context on
those same problems. This pattern of findings suggests that differ-
ences in the language experiences of bilingual speakers can influ-
ence bilinguals’ choices in a FL, without necessarily emerging into
the ‘classic’ FLE on decision-making. Importantly, when effects of
FL background were detected, the direction of such effects on
decision outcomes and distress ratings was not always consistent
across problems, and in some cases, incompatible with previous
theorizing. For example, in line with the hypothesis that high levels
of proficiency in the FL would promote emotional grounding (see
Hayakawa et al., 2016), we predicted that increased proficiency
would also be associated with higher emotional distress when
processing problems in one’s FL. Contrary to our expectations,
but consistent with the pattern of findings obtained from our
between-group analysis, when processing exploration—exploitation
problems, participants with higher FL proficiency reported to
experience a lower emotional distress than participants with a
higher proficiency level.

When we tested for potential interactions between significant
effects of FL background and decision-makers’ traits on choice
behavior, we found that effects of variables related to bilinguals’
language experience were influenced by individuals’ cognitive
style (CRT scores) and dispositions toward risk (PID-5 scores).
Importantly, these findings suggest that relatively stable aspects of
cognitive processing and personality can interact with more
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dynamic variables related to bilingual language experience to
shape individuals’ choices.

There are a number of limitations to the present study. A
potential limitation is that we used, as experimental stimuli, scen-
arios that may be unrepresentative of situations people can face on
an ordinary basis. Our moral dilemmas, in particular, are sacrificial
dilemmas that have been criticized for low likelihood of occurrence
(e.g., Bauman et al., 2014). On the one hand, however, we intro-
duced uncertainty in our decision-making contexts with the spe-
cific purpose of increasing the mundane and psychological realism
of our stimulus materials. On the other hand, the use of simple
artificial settings allowed us to exert a higher experimental control
on conceptual and methodological aspects of problem design that
have been shown to influence people’s judgment (Christensen &
Gomila, 2012). Furthermore, given the online nature of the present
study and the subtlety of the manipulations involved, future
research may use more advanced online survey tools to monitor
participants’ behavior while completing the experiment, thereby
enhancing data reliability. Another limitation to the present study,
which is inherent in our between-group analysis, is that the absence
of observed group differences may reflect overlapping variances
rather than true null effects. Finally, although our participants’
sample is larger than the samples used in previous research on
the FLE with an approach similar to the one adopted here (Kirova
et al., 2023; Privitera, 2024; Privitera et al., 2023), a larger sample
size would provide a stronger test for the conclusions suggested by
the present results.

5. Conclusions

The FLE has been mostly tested in contexts where uncertainty is
expunged or reduced to a form of risk. We explored whether the
FLE on decision-making extends to uncertain scenarios in order to
provide a more ecological picture of the FLE on choice behavior.
Overall, we failed to detect any effect of language context (NL versus
FL) or problem condition (certainty versus uncertainty) on parti-
cipants’ decision-making. In addition, we found that both FL
background and decision makers’ traits modulated participants’
choices in a FL, without emerging into the ‘classic’ FLE on decision-
making. However, the direction of such effects was complex and not
always compatible with previous FLE theories. This overall pattern
of findings calls for a general rethinking of the phenomenon and its
underlying mechanisms.

Supplementary material. The supplementary material for this article can be
found at http://doi.org/10.1017/51366728925100400.
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