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Abstract

‘Good things come to those who wait’ is a popular saying, which goes along with numerous

daily life decisions requiring trade-offs between immediate-small and later-larger rewards;

however, some individuals have a tendency to prefer sooner rewards while discounting the

value of delayed rewards, known as delay discounting. The extant literature indicates that

emotions and gender can modulate intertemporal choices, but their interplay remains hith-

erto poorly investigated. Here, 308 participants were randomized to different conditions,

inducing distinct emotions–fear, joy, a neutral state–through standardized movie clips, and

then completed a computerized delay discounting task for hypothetical money rewards. Fol-

lowing the induction of fear, women discount the future steeper than men, thus preferring

immediate-smaller rewards rather than larger-delayed ones. Also, women were more prone

to choose immediate rewards when in a fearful condition than when in a positive state of joy/

happiness. By contrast, men were unaffected by their emotional state when deciding on

monetary rewards. Our findings provide evidence that fear can trigger different intertemporal

choices according to gender, possibly reflecting the adoption of different evolutionary

strategies.

Introduction

Decision-making is more than a purely deliberative cognitive process. Emotions–affective

states that activate motivational and cognitive predispositions–can indeed modulate decisions

[1, 2], as also corroborated by neuroimaging evidence, given their underlying and overlapping

brain networks [3]. Research confirms that a reciprocal relationship between decision-making

and emotions exists [1]: namely, emotional states have an impact on judgment and decision-

making, and similarly decisions can modulate emotions by increasing or reducing positive/

negative states.

In everyday decision-making, individuals face trade-offs between short versus long-term

benefits or costs; and depending on many factors, they can choose to wait for the larger

delayed reward, but in other situations they prefer the smaller immediate reward. The phe-

nomenon, known as delay discounting (DD), refers to the typical tendency to prefer a sooner

reward than a later one, even if the delayed reward magnitude is larger–resulting in high
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discount rates in economic terms [4, 5]. How much the value of delayed rewards is discounted

is modulated by several factors and, among these, emotions represent a pervasive determinant

[6, 7]. However, to date, findings on the impact of discrete emotions on DD remain controver-

sial [8]. This possibly derives from the fact that most studies adopt an emotional valence-based

approach, focusing on positive versus negative valence, rather than exploring the distinct influ-

ences of specific emotions, such as anger, fear, or joy, on intertemporal choices [1, 9]. In addi-

tion, the variety of adopted methods to induce emotions–such as static pictures (e.g.,

emotional facial expressions), movie clips, autobiographical recall, imagination techniques–

have further contributed to increase the heterogeneity in the results of the literature, although

movie clips have been indicated as the most effective method among the standardized proce-

dures [10, 11]. A further reason is the relative absence of investigations exploring inter-indi-

vidual differences in the relationship between DD and emotions. In particular, gender’s role

within the interplay of temporal discounting and emotions is overlooked. This is striking, con-

sidering that gender differences in DD choices [5, 12], as well as in emotional processing have

been largely reported [13], with the latter being supported also by numerous psychophysiologi-

cal and neuroimaging evidence, pointing to grounded biological and evolutionary differences

[13, 14].

Understanding inter-individual differences in DD as well as the factors influencing DD and

its underlying mechanisms is of particular relevance, as this phenomenon has been consis-

tently linked to various unhealthy behaviors [15, 16]. Namely, the extent to which individuals

discount the value of delayed rewards turns out to be associated with alcohol and drug depen-

dence [17, 18], gambling and eating disorders [19, 20], tobacco use [21], risky sexual behaviors

[22], financial hardships [23], and reduced subjective wellbeing [24]. Although it has been

argued that discounting rates seem to reflect a quite stable personality trait [16], there is also

growing evidence that DD can be modulated by contextual/situational factors [25]. Steeper

discounting rates were found linked to higher perception of stress, lower life satisfaction, anxi-

ety and depressive moods [15].

Considering that everyday decisions are emotion-imbued choices [1] and that DD repre-

sents an effective measure of decision-making tendencies, in the present investigation, we

examine how distinct emotions (fear vs. joy) and gender interact to influence intertemporal

choices. These choices involve decisions between sooner (usually smaller) rewards and later

(usually larger) ones, which are common and have significant consequences in daily life.

The influence of emotions on delay discounting

Numerous studies have explored the role of emotions in DD. However, inconsistent findings

have left the exact interaction between emotions and DD yet to be fully understood [8]. Over-

all, both positive and negative emotional valences can decrease/increase DD rates, and this het-

erogeneity among investigations is possibly due to research paradigm and method differences

in inducing affective states. In particular, some studies–using short movie clips or words to

induce a positive/neutral affect–demonstrated that positive emotions reduce the preference for

present over future outcomes, suggesting that positive emotional states promote cognitive flex-

ibility, higher level of thinking and a more future-oriented decision-making [26, 27]. While

others, using similar emotion induction methods, did not confirm a reduction of DD rates in

the context of positive emotions [28, 29]. Indeed, they found that extroverted individuals,

when in a positive mood, exhibited an increased preference for immediate rewards [29]. Addi-

tional evidence from studies that induced positive emotional states found a link between posi-

tive emotions and reduced future discounting. For instance, this reduction was observed when

participants experienced gratitude through autobiographical recall [30, 31], inducing positive
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nostalgia (i.e., reminiscing past positive events) [32] or manipulating the emotional valence of

episodic prospection [33].

In line with these observations, Guan and colleagues (2015) examined the continuum of

positive, neutral, and negative emotions induced by affective pictures. They found that in the

positive condition, delay discounting was attenuated, whereas in the negative condition, it was

characterized by a more myopic decision-making behavior [34]. Furthermore, it should be

noted that evidence on the impact of negative emotions on DD has also been mixed, with

some studies reporting a general null effect [29], others showing an increased preference for

delayed rewards in the context of fearful conditions [35], and others reporting the opposite

scenario, with negative emotional state being linked to steeper DD [28, 33, 34, 36–38].

A further reason of such variability across studies might stem from the different underlying

theoretical background to define the emotional phenomena. Prior research described and

measured emotions categorically with specific and discrete emotional states (i.e., sadness,

anger, happiness and fear), or dimensionally, usually across two continuums: valence (nega-

tive-positive) and arousal [39]. More recently, empirical evidence has extended dimensional

models of emotion, recommending that four major dimensions are required to support ade-

quate discrimination of distinct emotions: valence, arousal, power/control, and unpredictabil-

ity [9]. Likewise, another well-grounded multidimensional theoretical framework is the

appraisal-tendency framework (ATF), which assumes that specific emotions give rise to spe-

cific cognitive and motivational processes, leading to different effects on decision-making

behaviors [40]. Namely, each emotion is related to specific appraisals and these will differently

affect judgment and decision-making [1, 9, 40–42]. Of note, to define the patterns of appraisal

tendencies underlying different emotions, the ATF mainly builds on the theory of Smith &

Ellsworth (1985), which distinguished six cognitive dimensions of emotion: pleasantness, cer-

tainty, attentional activity, control, anticipated effort and responsibility [41].

Given that progress has been made to define and understand the dimensions that support

emotional phenomena, investigating the relationship between emotions and decision-making,

building on multidimensional framework (e.g., the ATF), can improve the comprehension of

the different intertemporal choices.

Gender and decision-making

Among the inter-individual differences that can potentially influence decision-making, gender

differences in discounting might be probably one of the most relevant factors [43, 44]. How-

ever, gender’s role remains yet underexplored in the majority of the published studies, wherein

these differences are frequently not discussed, despite the inclusion of mixed samples [45].

Much of the research on gender differences in decision-making has focused on impulsive

behaviors and the responsiveness to gains and losses, which are critical aspects of the decision-

making process. One established finding is that females are more risk-avoidant (i.e., less

impulsive) than males (e.g., for a review see [46]), possibly due to females’ higher sensitivity to

losses [47]. These observations challenge the simplistic view that explains gender differences

solely in terms of impulsivity, and they encourage further exploration of other underlying

mechanisms in decision-making [48]. In support of this concept, more recently, Byrne & Wor-

thy (2015) highlighted that reward-sensitivity and information processing better describes the

complex interplay between gender and decision-making [49]. Notably, the authors found dis-

tinctive gender decision-making styles. While males showed a cognitive bias towards maximiz-

ing long-term benefits by using a more global-selective information processing style, females

had a tendency to maximize either immediate or long-term rewards in different situations by

using more detailed-comprehensive processors of information [49].
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Focusing on DD choices, gender’s role is poorly defined. Using hypothetical DD measures

to examine how gender affects attention to immediate versus long-term rewards, there is evi-

dence for females showing steeper discount rates–that is, a preference for immediate smaller

rewards [12, 50–52]. By contrast, other studies revealed males were higher discounters [5, 37,

44], and others reported no gender effects [53–56].

These contradictory findings can be possibly explained by various methodological differ-

ences between studies to assess DD. Such as, differences in the magnitude of the reward

(smaller vs. larger ones: $10 vs. $1000) and its nature (hypothetical vs. real reward), the differ-

ent delays adopted, the use of questionnaires rather than DDT-computerized versions, the

applied statistical analysis method to estimate the discounting index (either k or area under the

curve). Other possible differences are represented by the sample size and its demographical

features (e.g., age, education, socio-economic status, race), and situational factors induced dur-

ing the experimental design (e.g., showing appealing/not-appealing pictures or inducing a fail-

ure/success state before the DDT execution) [44, 54].

Although results from the literature are mixed, in the review of Weafer and de Wit (2014),

the authors conclude that the majority of human studies seem to converge on greater impul-

sive choice for hypothetical rewards in women, whereas men may show greater impulsive

choice for actual rewards [43]. Specifically, these gender differences can be explained by a

greater sensitivity for punishment/losses and effortful control in women, as opposed to a

greater sensitivity to reward in men [43]. These different attitudes toward risks were further

confirmed by other evidence [57], that identified men optimism as a prominent modulating

factor of this difference. Indeed, a general positive disposition of men results in different

approaches to achieve rewards and information processing styles during decision-making,

which can also be explained with an evolutionary framework [5, 37, 57].

Current study

Based on the lack of studies specifically designed to examine the influence of gender in the

interplay between emotions and decision-making, in the current study, we directly compared

male-versus-female DD rates, following the induction of specific emotions. We employed a

validated set of emotional movie clips to elicit discrete emotions with a more ecological and

clear-cut method [58]. A major limitation of past research has been the use of static picture to

elicit emotions (e.g., emotional facial expressions) [59], although videoclips have been repeat-

edly confirmed as more effective than static pictures to experimentally induce emotions [60,

61]. Movies are more dynamic and engage viewers through multiple senses, including both

auditory and visual experiences. Movies were, therefore, more effective in eliciting greater

emotional involvement among participants. Furthermore, using this set of standardized mov-

ies allowed us to induce three distinct emotions–fear, joy, a neutral state–each with a different

emotional valence (negative, positive, neutral).

Based on the multidimensional models of emotion, fear (being negative in valence) can be

described by the appraisals of low certainty-control, whereas happiness/joy (positive valence)

is characterized by the appraisals of high certainty-control [1]. Therefore, we would anticipate

observing opposite effects on decision-making, as fear and joy vary along multiple dimensions,

beyond their valence, which can influence cognitive appraisals and decision-making.

In addition, it is worth considering that DD is a multifaceted phenomenon, which can be

modulated by different factors, such as time-preference (e.g., choosing between current con-

sumption and restraint/future consumption), risk-preference (e.g., choosing between a less

certain, riskier option and a more certain option with less risk), loss/punishment sensitivity

(e.g., the degree to which an individual can tolerate loss/punishment) or reward sensitivity
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(e.g., the degree to which an individual’s behavior is motivated by reward-relevant stimuli).

Hence, interpreting different intertemporal choices can be analyzed from different

perspective.

From a risk-preference perspective, a delayed but larger reward can be perceived as riskier

compared to an immediate but smaller reward because the future is always uncertain, in con-

trast to the known present [62, 63]. Additionally, individual differences in reward sensitivity or

time preference can also account for this behavior [64].

Overall, given these premises, we can hypothesize that fear–with low certainty-control–will

produce a tendency to perceive negative events as unpredictable, leading to a pessimistic risk

assessment and consequently to perceive an overall higher risk [41, 42]. Thus, a negative/fear

condition is more likely to induce individuals to choose an immediate reward, as this is consid-

ered a less risky option. By contrast, in its positive valence, joy/happiness produces a tendency

to perceive events as predictable, leading to relatively optimistic risk assessments and choices

[41, 42], and so to wait for the delayed larger rewards, despite being considered riskier and

more uncertain.

In addition, we investigated potential gender differences in intertemporal choices as a func-

tion of distinct induced emotions. Considering that previous studies have reported gender dif-

ferences in reward/loss sensitivity [43], with women having a tendency to prefer immediate-

reward while men maximizing future rewards [49, 65]. On the other side, gender differences

in optimism (usually higher in men) has been described to affect the willingness to take risks.

Hence, we can expect that different approaches to achieve the rewards–as an expression of

gender differences–may interact with distinct induced emotions, leading to different intertem-

poral choices.

Here, to achieve this aim, we designed a web-based study that was spread nationwide to

reach a large cohort and ensure an adequate representation across Italy. Our experiment

included a standardized emotion induction using validated movie clips [58], followed by a

computerized behavioral task of hypothetical monetary rewards, the delay discounting task

(DDT), to objectively assess differences in decision-making tendencies. Of note, considering

that the data collection occurred during COVID-19 pandemic, wherein higher level of depres-

sion, anxiety and stress has been reported worldwide [66] as well as in the Italian populace

[67]; we took into consideration also the psychological distress of the study’s participants at

that time, given that anxious-depressive symptoms have been associated with differences in

intertemporal decision-making [68, 69].

Material and methods

Participants and procedures

An anonymous online survey was shared through various platforms and mainstream social

media from May 7 to July 15, 2021 (70 days). To reach a large cohort, a snowball sampling

method was used. Furthermore, participants were encouraged to share and invite new respon-

dents among their social contacts. Participation was voluntary and without compensation. The

study was structured in five main parts described in detail hereafter: informed consent, socio-

demographic data collection, emotional state induction through a videoclip, experimental

task, and self-reported questionnaires completion. The research workflow is shown in Fig 1.

Namely, a brief introduction described the research aims, followed by an informed consent

request ensuring data confidentiality. The study took about 15 minutes. Sociodemographic,

health status and lifestyle features were collected. Among the sociodemographic variables we

collected the age, the biological sex, educational level and occupation of the participants. Con-

cerning the sex/gender terminology in the current manuscript, for simplicity the term ‘gender’

PLOS ONE Gender differences: Effects of emotion induction on intertemporal decision-making

PLOS ONE | https://doi.org/10.1371/journal.pone.0299591 March 20, 2024 5 / 22

https://doi.org/10.1371/journal.pone.0299591


was adopted instead of using ‘sex’–following the American Psychological Association (APA)

guidelines [70]–since the term ‘gender’ is able to capture the sociocultural dimension of the

sex/gender concept. In fact, ‘gender’ refers to a series of norms and expectations, for both

females and males, which are modulated by several factors as well as psychological processes

[71]. Noteworthy, the entire research community is nowadays moving toward a more holistic

perspective that considers sex (i.e., biology) and gender (i.e., culture) as inseparable and inter-

twined [70, 71]. Then, the instructions and example trials of the experimental task–a hypothet-

ical money reward DDT–were presented, informing the participants that they were going to

perform the DDT immediately after viewing a movie clip. At the end of the task, we assessed

the affective experience (i.e., arousal/valence levels and positive/negative affection) elicited by

the movie clip, together with other psychological dimensions (i.e., depression, anxiety, stress,

and impulsivity). We considered the responses as eligible if participants: completed the entire

study, were over 18 years-old, and had no history of neurologic disorders. Among a total of

328 responses via Qualtrics’ platform, 308 were eligible based on our inclusion criteria (n = 11

did not complete the survey; n = 9 reported a neurological disorder). In this regard, our final

sample was in accordance with the required sample size that was apriori determined through

G*power (version 3.1) [72], wherein we ran ANCOVA models (main effects and interactions).

Given that no previous published works investigated exactly our research question (for a

review see [8]), the expected effect size was determined by selecting the smallest reported effect

size from comparable studies: small-to-intermediate effect (i.e., Cohen’s f = 0.18 [37]). Thus,

with a desired power of 0.80, alpha probability of .05 and a small-to-intermediate effect

(f = 0.18), the required total sample was equal to 301 participants. The current study was con-

ducted in accordance with the Helsinki Declaration and approved by the ethical committee of

the School of Psychology University of Padua, Padua, Italy.

Fig 1. Summary of the study design including the emotional induction phase, the experimental task and the affective/psychological assessment. The

guardian of the individual pictured in this figure has provided written informed consent (as outlined in PLOS consent form) to publish their image

alongside the manuscript.

https://doi.org/10.1371/journal.pone.0299591.g001
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Emotional stimuli

The stimuli were 12 standardized movie clips, selected from the ‘E-MOVIE’ dataset [58]. In

the validation study [58], the clips were categorized and validated according to their arousal

and valence. In Fig 2, the distribution of the movies considering their arousal and emotional

valence categorization are displayed (for further details about ‘EMOVIE’, refer to the original

work of Maffei and Angrilli, 2019) [58].

About the emotional valence, four clips were selected for each of the three conditions: Neg-

ative (thrilling scenes of anticipated threat), Positive (scenery eliciting joy/happiness–with

stunning views of various natural landscapes), and Neutral (scenes drawn from urban docu-

mentaries). The movie clips were selected to elicit distinct emotions within the negative-posi-

tive valence spectrum: Fear (within the Negative category) to induce unpleasant and aversive

responses; Joy (within the Positive category) to elicit pleasant and appetitive responses; and the

Neutral condition was placed in the middle of this continuum.

The emotional condition labels–Fear, Neutral, Joy/Happiness–will be used throughout the

manuscript.

As established in the published literature [58, 73], these movies differ both in terms of

valence and arousal levels, with ‘Fear movies’ having the highest arousal levels, followed by

‘Joy movies’ and Neutral category (see Fig 2). Notably, to avoid the ‘movie-effect’ rather than

the emotion effect, we selected four standardized clips for each category. These 2-minute clips

were designed [58] to be homogeneous in terms of emotion induction within each category,

and to be more arousing in their second part. Using Qualtrics software, participants were ran-

domized into one of three emotional conditions–Fear, Neutral, Joy–and randomly assigned to

watch a 2-minute movie. Subsequently participants were redirected to the experimental task.

Behavioral measures

Decision-making: Delay discounting task. In the DDT, participants were required to

choose between two virtual money amounts in each trial: a hypothetical smaller money

Fig 2. Distribution of the standardized movie clips according to the arousal scores and emotional valence

categorization (based on the validation study of Maffei and Angrilli, 2019).

https://doi.org/10.1371/journal.pone.0299591.g002
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amount to be given immediately (e.g., €20,000 today) versus a larger amount at a later time-

point (e.g., €40,000 after 3 years). For each of the six delays (1 month, 6 months, 1 year, 3

years, 5 years, 10 years), participants had to perform five choices and this process allowed us to

obtain the indifference point for each delay, namely the money amount at which an individual

was equally likely to choose a smaller reward sooner rather than a delayed larger reward. In

sum, the indifference point corresponds to the unshown sixth choice of immediate amount.

The order of the presented six delays was kept constant, as previously described [74]. The

delayed amount was fixed at €40,000, whereas the immediate amount started at €20,000 but

then it was modulated by the previous response (increasing vs. decreasing). Previous studies

reported a ‘reward magnitude effect’–that is, steeper discounting for smaller rewards (e.g.,

$1,000) rather than larger ones (e.g., $10,000) [52, 75]. Here, given that the delays were mainly

in a range of years (until 10 years), we adopted the larger amounts (€40,000) [15] to ask the

participants for more plausible intertemporal decisions as well as to avoid the steepest dis-

counting effect observed when using smaller rewards [52]. Finally, to quantify the subjective

degree of DD, the area under the curve (AUC) was calculated according to the indifference

points at each delay. The DDT AUC ranges from 0 to 1 (high vs. no discount rate, respec-

tively). This is considered as a reliable measure of future-oriented behaviors requiring self-con-

trol in cases of lower discount (i.e., preference for larger delayed rewards) versus immediate-

oriented behaviors, that are more impulsive, in cases of higher discount rate (i.e., preference

for smaller earlier rewards) [76, 77]. Although this task was based on hypothetical rewards, a

good correspondence with real ones has been demonstrated [78] as well as with non-monetary

outcomes [75]. The DDT was designed using OpenSesame v.3.3.6 with the OSWeb v.1.3.11

extension [79] to run the task online.

As in previous studies, the emotion induction effect was evaluated after the DD task by

using validated scales to assess emotional states and impulsivity. Valence and arousal were also

recorded to obtain a self-reported measure of the emotional induction, although the clips were

already validated for these dimensions [58].

Affective experience. The affective experience was evaluated by means of the i) Affective

Slider [80] as well as by the ii) Positive and Negative Affect Schedule (PANAS) [81]. The Affec-

tive Slider (see Fig 1) allows to digitally assess the perceived level of arousal (low to high) and

valence (negative to positive–measured as displeasure to pleasure). The 2-sliders position on

the screen (top vs. bottom) randomly varied across participants to prevent order-effects.

Participants then completed the 10-item PANAS scales, measuring their affective experi-

ence valence: positive (PANAS-P) versus negative (PANAS-N), with higher scores indicating

higher levels of affect. Cronbach’s alphas were consistent with the scale validated in Italian

[81]: for PANAS-P the score was equal to .82 and .77 for PANAS-N. Further, to enhance the

precision of PANAS in the context of parametric statistics, we applied the published ordinal-

to-interval conversions scores [82].

Depression, anxiety, stress and impulsivity assessment. The Depression Anxiety Stress

Scales-21 (DASS-21) was used to assess presence of depression, anxiety and stress by means of

the validated Italian version, showing excellent psychometric properties. DASS-21 is widely

used in clinical and research to assess psychopathological symptoms, given its ability with

three 7-item subscales: depression (DASS-D), anxiety (DASS-A) and stress (DASS-S). Higher

total scores indicate higher severity in terms of symptoms, and the published cut-off scores for

each subscale were adopted to identify presence of clinically significant disturbances [83].

DASS-21 internal consistency in the current samples was excellent for the total score (α = .93)

and high for the subscales (DASS-D α = .90; DASS-A α = .79; DASS-S α = .87).

Self-reported impulsivity was assessed using the Barratt Impulsiveness Scale-11 (BIS-11),

translated into Italian [84]. BIS-11 consists of 30 items, rated on a self-report 5-point Likert
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scale, wherein higher total scores suggest more elevated impulsivity levels. The internal consis-

tency of the BIS-11 in the current study was high with Cronbach’s α = .81.

Statistical analysis

Descriptive analyses were performed for all behavioral measures. To investigate the indepen-

dent and interactive effects of Gender and Emotional Condition (Fear, Neutral, Joy) on DD, a

two-way ANCOVA was run. This model included the DDT AUC as the dependent variable,

while Emotional Condition and Gender as between-subject factors. The potential confounding

effect of age and education [51], of arousal (due to its difference between emotional stimuli

and genders) [58, 85], and of psychological disturbances (DASS-21) was controlled by includ-

ing those variables as covariates. We conducted further ANOVA models to assess potential dif-

ferences between groups in the affective experience (arousal, valence, PANAS-N and

PANAS-P), and psychological dimensions (DASS-21 and its subscales, BIS-11). Based on the

movie clip validation study [58], we expected to find significant differences in arousal level

between the three emotional conditions. Thus, when analyzing the affective experience out-

comes, we further consider entering arousal level as covariate into ANOVAs to exclude possi-

ble confounding effect, if this difference was confirmed. Effect sizes were estimated using

partial eta squared (ηp2) and 95 percent confidence interval (CI) reported when appropriate.

Statistical significance threshold was set at p< .05 and False Discovery Rate (FDR) was used to

correct for multiple testing. Statistical analyses were performed using SPSS Statistic, release

version 24.0 (Chicago, IL, USA).

Results

Participant sociodemographic and lifestyle related features

Total sample (N = 308) sociodemographic and lifestyle characteristics are shown in Table 1.

Notably, the sample was balanced across experimental conditions, with about 33 percent of the

sample in the Fear, Neutral or Joy movie clip condition. However, the sample was unbalanced

for gender (f/m) with a majority of female participants in each condition: in the Fear (63/41),

Neutral (67/36) or Joy (65/36). To balance the dataset according to gender, we applied a ran-

dom undersampling technique, where the largest classes (i.e., the female ones) were randomly

trimmed until their size was equal to the corresponding smallest class (i.e., male one). We

obtained a balanced dataset for gender [female/male: Fear (41/41), Neutral (36/36) and Joy

(36/36) condition] and given that the results were comparable to the imbalanced one, here we

reported the results of the total sample, whereas the results run in the reduced sample

(n = 226) are reported in the S1 File

Of note, the six experimental subgroups (classified for Gender × Emotional Movie clip),

did not differ in terms of age, education as well as on the other sociodemographic variables

(data not shown).

Gender and induced emotion effects on delay discounting

ANCOVA results showed a significant Gender × Emotional Condition interaction on DD

(F2,297 = 3.96, p = .020, ηp
2 = .03; Fig 3). Post-hoc analysis revealed that in the Fear condi-

tion, women (0.32 ± 0.22) showed a statistically significant higher DD than men

(0.54 ± 0.25) (t297 = -4.50, pFDR < .001, d = -0.91, CI [-1.32, -0.51]), while no differences

were observed in the Neutral (t297 = -1.43, pFDR = .288, d = -0.30, CI [-0.70, 0.12]) or Joy

(t297 = -0.68, pFDR = .363, d = -0.14, CI [-0.56, 0.27]) states. In addition, women significantly

discounted more steeply when in the fearful condition (0.32 ± 0.22) as compared to Joy
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(0.42 ± 0.25) (t297 = -2.51, pFDR = .039, d = -0.45, CI [-0.80, -0.10]), but not compared to the

Neutral condition (0.42 ± 0.25) since this significant difference did not survive after multi-

ple testing correction (t297 = -2.00, pFDR = .100, d = -0.36, CI [-0.71, -0.003]). Regarding the

comparisons between the male groups, we found no statistically significant differences

among the three experimental conditions, suggesting that the males’ DD was not influenced

by the induced emotions (Fear vs. Neutral and Joy conditions: pFDR = .289 and pFDR = .277

respectively; Neutral vs. Joy pFDR = .797).

Table 1. Total sample (N = 308) sociodemographic and lifestyle features.

Group n %

Age Mean (SD): 33.73(14.39) 18–24 124 40.26

25–40 100 32.47

Min–max: 18–76 >40 84 27.27

Gender Female 195 63.31

Male 113 36.69

Education Middle school 18 5.84

High school 136 44.16

Bachelor’s degree 92 29.87

Master’s degree 44 14.29

PhD/ postgraduate 18 5.84

Occupation Teacher/Researcher 16 5.20

Medical staff 12 3.90

Clerk 47 15.26

Freelancer 24 7.79

Unemployed 15 4.87

Student 115 37.34

Retired 15 4.87

Manager 14 4.55

Workman/Artisan 18 5.84

Householder 3 0.97

Other 29 9.41

Smoke No 203 65.91

Yes 105 34.09

Psychotropic drugs No 293 95.13

Yes 15 4.87

Alcohol consumption Never 170 55.19

Occasionally 112 36.36

Usually 26 8.44

Cannabis consumption Never 163 52.92

Occasionally 124 40.26

Usually 21 6.82

Other substances Never 286 92.86

Occasionally 20 6.49

Usually 2 0.65

Emotional movie clip Negative 104 33.77

Neutral 103 33.44

Positive 101 32.79

https://doi.org/10.1371/journal.pone.0299591.t001
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Affective experience according to emotional condition and gender

Affective slider—Arousal. We found an effect of the Emotional Condition on the arousal

levels (F2,302 = 4.07, p = .018, ηp
2 = .03), with higher levels of arousal in the fearful condition as

compared to the Neutral one (t302 = 2.83, pFDR = .015, d = 0.41, CI [0.12,0.69]; Fig 4a), while

no significant differences were observed between the other experimental conditions. Further,

no Gender (F1,302 = 0.11, p = .746) and Gender × Emotional Condition interaction effects

(F2,302 = 0.07, p = .930) were observed.

Affective slider—Valence. Concerning the valence level, we observed a main effect of

Emotional Condition induced by the stimuli (F2,301 = 6.48, p = .002, ηp
2 = .04) as well as of

Gender (F2,301 = 4.00, p = .046, ηp
2 = .01; Fig 4b). Namely, post hoc tests revealed that a more

positive valence was reported in the Joy condition (t301 = -2.94, pFDR = .005, d = -0.43, CI

[-0.71, -0.14]) and the Neutral one (t301 = -3.25, pFDR = .003, d = -0.47, CI [-0.76, -0.18]) as

compared to Fear. Instead, regarding Gender effect, males overall reported a more positive

valence than females (t301 = -2.00, p = .046, d = -0.24, CI [-0.47, 0]), regardless of the experi-

mental condition. Whereas no Gender × Emotional Condition interaction effect was observed

(F2,301 = 0.49, p = .614).

PANAS. Analyses about its negative component (PANAS-N) showed a main effect of

Emotional Condition (F2,301 = 6.07, p = .003, ηp
2 = .04; Fig 4c), while no Gender (F1,301 = 0.62,

p = .431) or Gender × Emotional Condition interaction effects were observed (F2,301 = 2.10,

p = .125). In particular, we found a higher level of Negative emotional state in the Negative

condition than in the Neutral one (t301 = 3.48, pFDR < .003, d = 0.51, CI [0.22,0.80]; Fig 4c),

but no further differences were observed between the other conditions. About the PANAS-P,

we found only a Gender effect (F2,301 = 5.56, p = .019, ηp
2 = .02; Fig 4d) with men reporting a

more positive emotional state, regardless of the conditions. No Gender × Emotional Condition

interaction effect was observed (F2,301 = 0.85, p = .848).

Fig 3. Gender and induced emotion effect on delay discounting, as measured by the area under the curve (AUC)

of the delay discounting task (DDT). Error bars represent the 95% confidence interval of the mean. *** p< .001;

* p< .05.

https://doi.org/10.1371/journal.pone.0299591.g003
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Fig 4. Statistically significant gender or induced emotion effects on the affective experience, as measured by (a) arousal, (b) valence and by

the Positive and Negative Affect Schedule (PANAS) with (c) its negative (PANAS-N), and (d) positive (PANAS-P) subscales. As well as on

the psychological dimensions as measured by Depression Anxiety Stress Scales-21 (DASS-21) assessing presence of anxiety (DASS-A) (e)

and stress (DASS-S) (f). ** p< .005; * p< .05.

https://doi.org/10.1371/journal.pone.0299591.g004
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Psychological outcomes according to emotional condition and gender

ANOVA results revealed a main effect of gender on the DASS-21(F2,302 = 4.76, p = .030, ηp
2 =

.02), wherein the female group reported overall higher levels of general distress. Whereas no

Emotional Condition (F2,302 = 0.45, p = .640) as well as Gender × Emotional Condition (F2,302

= 0.66, p = .520) effects were observed.

Analyzing the DASS-21 subtests, this between-group difference was mainly driven by anxi-

ety and stress, wherein the female group reported higher DASS-A (F2,302 = 4.86, p = .028, ηp
2 =

.02; Fig 4e) and DASS-S scores (F2,302 = 6.98, p = .009, ηp
2 = .02; Fig 4f) than men, respectively.

No differences were observed in the depression subscale. Finally, following ANOVA analysis

on impulsivity levels (BIS-11), we found no significant main effects of gender and emotional

condition, nor interaction.

Prevalence of psychological disorders

As shown in Fig 5, the prevalence of participants reporting symptoms above the clinical cut-

offs [83] was about 53 percent for depression (n = 162), 37 percent for anxiety (n = 115), and

47 percent for stress (n = 144). The average score for depression, anxiety and stress was 11.35

(SD = 9.16), 6.61 (SD = 6.28) and 15.69 (SD = 8.23), respectively. The DASS-21 total score,

measuring general distress, was about 33.65 (SD = 20.67).

Discussion

The present study provides compelling evidence that gender has a crucial role in the interplay

between emotions and intertemporal decision-making, with gender and emotions having an

interacting effect that can differently shape DD. Our key finding was that, when experiencing

unpleasant emotions, particularly fear, women exhibited a steeper discounting of future

rewards compared to men. Women were also more likely to prefer immediate rewards when

they were in a negative emotional state rather than in a positive one, whereas men showed an

Fig 5. Prevalence of depression (DASS-D), anxiety (DASS-A), and stress (DASS-S) according to the symptoms’ severity.

https://doi.org/10.1371/journal.pone.0299591.g005
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opposite intertemporal tendency compared to women, preferring delayed rewards when they

were in a fearful state. Furthermore, while women’s discounting rate varies based on the emo-

tional state, men’s choices on monetary rewards were not significantly affected by the emo-

tional state.

As such, our study provides the first evidence that fear can trigger different implicit goals

and intertemporal choices as a function of the gender.

Previous decision-making studies have strongly highlighted gender difference in reward-

sensitivity and in information processing, demonstrating the existence of distinctive gender

decision-making styles. Males show a tendency towards maximizing long-term benefits by

using a more global-selective information processing style—whereas females are more prone

to maximize either immediate or long-term rewards in different situations by using more

detailed-comprehensive processors of information [43, 49, 65]. This leads us to conclude that

when individuals experience negative or fearful emotional states, gender-specific decision-

making strategies come into play. Specifically, in situations marked by uncertainty, females

tend to display risk-averse and uncertainty-avoidant behaviors by favoring immediate rewards.

Conversely, males’ inclination towards larger rewards may make them more willing to tolerate

uncertainty and risk to ultimately secure a larger gain. In other words, the disparities in reward

sensitivity and associated strategies between males and females appear to interact with their

emotional states. We can speculate that states with a high uncertainty (commonly associated

with a feeling of fear) could affect how much risk people are willing to tolerate: females show a

lower tolerance for risk and higher tendency for immediate/safe rewards, while males are

more prone to risk for their primary goal of obtaining larger rewards. Notably, these observa-

tions converged with evidence from several decision-making studies (e.g., see [65]).

An evolutionary perspective

Considering that emotions serve adaptive functions [86], a potential explanation of our results

can emerge from the evolutionary framework. Our finding that females are more oriented to

choose immediate reward when in a fearful condition seems to fit within this framework.

Indeed, in a fearful condition, the immediate reward can have an adaptive function of immedi-

ate self- and offspring-preservation. Under stressful and fearful environmental situations,

future rewards (e.g., food) could also be more unpredictable and uncertain than the immediate

ones, therefore opting for a future reward could put the offspring in a risky and unsafe condi-

tion. In this regard, the differences in DD between males and females would reflect the differ-

ences in evolutionary strategies.

Aligned with this perspective, an established theory by Taylor and co-workers (2000) pos-

ited that females, when facing stress/fearful situations, are more prone to activate a ‘tend-and-

befriend’ response, rather than the typical ‘fight-or-flight’ behavior, supporting the idea that

males and females face fearful situations in a very different manner [87]. As a matter of fact,

the ‘fight-or-flight’ response can put females and their offspring at risk, while tending-and-

befriending is a more adaptive response to stress/fearful situations, especially during preg-

nancy or with new-borns, aimed at protecting self and offspring. Following this reasoning,

when experiencing fear, females’ preference for immediate/certain rewards can be considered

as part of their tending behavioral pattern, which requires prompt nurturing activities to pre-

serve the safety as well as to reduce the current stressful feeling [86].

Emotion-regulation strategies

An alternative perspective to further understand our current findings can emerge by consider-

ing emotion-regulation strategies, as gender can affect the extent and the modality in which
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emotions are regulated [86, 88]. Previous investigations showed that females tend to use cop-

ing strategies, aimed at changing the emotional responses of a stressful situation, whereas men

use more problem-focused or instrumental methods to handle stressful situations [89–92]. In

support of this view, choosing the immediate reward can serve as a regulatory function, with

immediate gratification resulting in an alleviation of the negative affect.

As such, DD is thought to rely on two separate processes: an emotional/visceral versus a

logical/rational process [93]. The degree to which one chooses the emotionally relevant

response (i.e., the immediate reward) can possibly be determined by the amount of regulatory

necessity, which is driven by the relationship between the emotional state (i.e., experienced

fear) and the individual regulatory tendencies–wherein, gender plays a crucial role.

This perspective seems to support our data. In fact, in the context of an equivalent fear per-

ception between males and females, as assessed by the self-reported negative affect (i.e.,

PANAS-N), opposite tendencies on intertemporal choices can be explained by adopting differ-

ent emotion regulation strategies. Namely, females are more oriented to change their negative

emotional state and thus to choose an immediate reward, whereas men with a problem-

focused coping strategy will be more prone to choose the larger-later reward. Hence females,

when in fearful state, may be more prone to select the objectively less valued-immediate

reward [94] to reduce negative emotional states [95].

Of note, we found no interaction effect between Gender and the Emotional Conditions in

the negative self-reported affective state (PANAS-N) as well as in the other outcomes assessing

the emotional experience (i.e., PANAS-P and the Affective slider). Hence, although we found

gender/sex differences in the self-reported emotional experience–intrinsic to women and

men–these differences were not modulating the experimental condition, supporting the

robustness of our findings observed in the intertemporal decision-making.

Furthermore, higher levels of anxiety and stress were reported by the female group. This is

unsurprising given that findings from epidemiological studies have repeatedly reported a

higher prevalence of affective disorders in women [90], across the life span [86]. Since higher

levels of anxiety, depression and stress were found to be predictive of steeper discounting rates

[15], it is possible to hypothesize a cumulative effect of the fearful task condition on the nega-

tive mood experienced largely by women. Of note, our data collection occurred during the

COVID-19 pandemic, between May and July, 2021. Despite the relaxation of the preventive

measures in Italy during this timeframe, we cannot exclude the presence of long-term pan-

demic effects on psychological outcomes [96]. Indeed, in the current study, psychological dis-

orders prevalence exceeded the pre-pandemic rates [97], and these high levels are expected to

persist over time [98].

Among the measures to objectively assess the emotional experience, we found that the fear-

ful condition was characterized by higher levels of arousal, of negative valence and negative

affect (PANAS-N) than the other emotional conditions (neutral state/joy). Conversely, movie

clips with a positive emotional valence were characterized by higher levels of positive valence

as compared to the negative ones, but not to the neutral conditions. Hence, these data seem to

support the validity and effectiveness of the emotion manipulation in particular of the fearful

condition, but not of the positive one.

Contrary to our initial hypothesis, we did not observe a preference for delayed larger

rewards after inducing a positive state of happiness or joy. This led individuals to make rela-

tively optimistic risk assessments and choices [1]. However, we cannot exclude that this was

due to an ineffective positive emotion induction. Indeed, other positive and arousing stimuli,

such as erotic movie clips [58], could differently shape intertemporal choices as a function of

gender. In fact, Wilson and Daly (2004) demonstrated that in their sample, men discounted

the future more steeply after considering the appealing pictures of pretty women, but higher
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discounting rates were not observed in females after viewing pictures of attractive men [44].

Hence, we believe that future studies using more ecological stimuli, such as erotic film clips,

will be necessary to better explore and corroborate this evidence.

A final observation is that we did not find an association between intertemporal choices

and impulsivity, as measured by the BIS-11 scale. This result adds to the view that other mech-

anisms, such as reward sensitivity and decision-making strategies [65], interacting with gender

and emotional states, can better account for different discounting behaviors.

Strength, limitations and future directions

The major shortcoming of the current study is that our sample was gender-imbalanced, with a

majority of female participants–about the 63 percent. However, we tested the robustness of

our findings through random undersampling analyses, which corroborated the results

obtained in the total sample. This seems to be a common issue among web-based surveys,

indeed although online recruitment facilitates diversity (with participants varying in geograph-

ical location, socioeconomic status, educational level, and age). On the other side, it has been

reported [99] that female participants are frequently overrepresented in web-based surveys,

possibly due to gender differences in internet use patterns [100].

Further, in our sample we found differences in psychological disorders prevalence between

males and females. This finding was expected, as it is strongly supported by previous evidence

reporting higher rates of anxiety, distress and depression in women rather than men [90, 97];

however, we cannot exclude that this could have possibly amplified some observed effects fol-

lowing the induction of distinct emotions, such as fear. To this end, the DASS-21 total score

was included as a nuisance variable in the statistical analyses to control the different ‘baseline’

level related to gender. Another methodological limitation of our study is that the standardized

movies differed in terms of arousal levels between positive and negative valences, however

arousal was included in the analyses as covariate to control its potential confounding effect

[101]. Using erotic movies, which are comparable in terms of arousal to the fear movies [58],

can be a solution for future study designs. However, for ethical reasons, using erotic movies as

experimental condition was unfeasible given the web-based nature of the study.

According to the affective experience evaluation, the positive emotion induction was unsuc-

cessful, since this did not differ from the neutral control condition. Although the affective

experience assessment did not specifically evaluate the discrete emotions (e.g., fear), but more

general tools were adopted (i.e., PANAS for the negative/positive valence).

Lastly, another potential limitation is the use of a hypothetical money reward, instead of a

real one, which could have reduced the participants’ engagement in the decision task as com-

pared to a real situation with actual gains/losses. Although previous evidence extensively dem-

onstrated an equivalence between real and hypothetical monetary rewards [75, 102].

Our study has also come strengths. The emotion induction was based on a standardized

and validated dataset of emotional movie clips (‘EMOVIE’) to elicit discrete emotions with a

more ecological and clear-cut approach [58]. The psychological outcomes and affective states

were assessed using self-reported standardized measures (i.e., DASS-21, BIS-11, PANAS),

which can be useful for the between-studies comparison. Further, a computerized hypothetical

monetary DDT was adopted, which allows an objective assessment of different decision-mak-

ing tendencies.

Conclusions

The present study provides theoretical insights into the role of gender when experiencing dis-

tinct emotions, such as fear and joy, during intertemporal choices. In particular, we found an
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increased tendency to opt for immediate rewards by women when in a fearful condition—as

opposed to men. Also, women were more prone to choose immediate rewards when in a fear-

ful condition, than when in a positive state of joy/happiness. By contrast, when in a positive or

neutral emotional state, females and males did not differ.

Our findings extend the literature by revealing the significance of considering gender as an

interacting factor between emotions and decision-making. This evidence suggests important

psychological and sociological implications, as we could hypothesize that when women are fac-

ing fearful situations, they are more impatient and impulsive, given that fear, unlike happi-

ness/joy, induces females to be more ‘myopic’ to–greater–future gains in return of instant

gratification. If so, this finding can be relevant in the context of financial decision-making or

consumer behaviors. Strong feeling of fear in real-life can be expected to show far greater

effects on many intertemporal decisions, possibly leading women–experiencing a fearful con-

dition–to exacerbate their financial hardship by making intertemporal decisions that favor an

immediate consumption rather than a wiser and warranted one.

On the other hand, this female behavior could be the result of evolution, which leads

females to prefer immediate–but safer–rewards rather than future–but uncertain–ones.

To conclude, we argue that when studying emotions and decision-making, both gender dif-

ferences should be considered, as this perspective may improve our understanding and predict

the effects on financial, health and social decisions; given that intertemporal choices underlie a

variety of decisions in our daily life. As an ultimate goal, learning more about this interplay’

can be relevant to develop techniques that can help individuals in making more optimal inter-

temporal decisions in their real-life, avoiding unhealthy/maladaptive behaviors.
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15. Cona G, Koçillari L, Palombit A, Bertoldo A, Maritan A, Corbetta M. Archetypes of human cognition

defined by time preference for reward and their brain correlates: An evolutionary trade-off approach. Neu-

roImage. 2019 Jan 15; 185:322–34. https://doi.org/10.1016/j.neuroimage.2018.10.050 PMID: 30355533

16. Odum AL. Delay Discounting: I’m a k, You’re a k. J Exp Anal Behav. 2011 Nov; 96(3):427–39. https://

doi.org/10.1901/jeab.2011.96-423 PMID: 22084499

17. Bobova L, Finn PR, Rickert ME, Lucas J. Disinhibitory psychopathology and delay discounting in alco-

hol dependence: personality and cognitive correlates. Exp Clin Psychopharmacol. 2009 Feb; 17

(1):51–61. https://doi.org/10.1037/a0014503 PMID: 19186934

18. MacKillop J, Amlung MT, Few LR, Ray LA, Sweet LH, MunafòMR. Delayed reward discounting and

addictive behavior: a meta-analysis. Psychopharmacology. 2011 Aug 1; 216(3):305–21. https://doi.

org/10.1007/s00213-011-2229-0 PMID: 21373791

19. Amlung M, Petker T, Jackson J, Balodis I, MacKillop J. Steep discounting of delayed monetary and

food rewards in obesity: a meta-analysis. Psychological Medicine. 2016 Aug; 46(11):2423–34. https://

doi.org/10.1017/S0033291716000866 PMID: 27299672

20. Reynolds B. A review of delay-discounting research with humans: relations to drug use and gambling.

Behavioural Pharmacology. 2006 Dec; 17(8):651–67. https://doi.org/10.1097/FBP.

0b013e3280115f99 PMID: 17110792

21. Audrain-McGovern J, Rodriguez D, Epstein LH, Cuevas J, Rodgers K, Wileyto EP. Does delay dis-

counting play an etiological role in smoking or is it a consequence of smoking? Drug and Alcohol

PLOS ONE Gender differences: Effects of emotion induction on intertemporal decision-making

PLOS ONE | https://doi.org/10.1371/journal.pone.0299591 March 20, 2024 18 / 22

https://doi.org/10.1146/annurev-psych-010213-115043
http://www.ncbi.nlm.nih.gov/pubmed/25251484
https://www.frontiersin.org/articles/10.3389/fnhum.2015.00058/full
https://www.frontiersin.org/articles/10.3389/fnhum.2015.00058/full
http://www.ncbi.nlm.nih.gov/pubmed/25774129
https://doi.org/10.1037/0033-2909.130.5.769
http://www.ncbi.nlm.nih.gov/pubmed/15367080
https://doi.org/10.3758/BF03210748
https://doi.org/10.3758/BF03210748
http://www.ncbi.nlm.nih.gov/pubmed/24214810
https://doi.org/10.1080/02699931.2012.673478
https://doi.org/10.1080/02699931.2012.673478
http://www.ncbi.nlm.nih.gov/pubmed/22690720
https://doi.org/10.1146/annurev-neuro-071013-014119
https://doi.org/10.1146/annurev-neuro-071013-014119
http://www.ncbi.nlm.nih.gov/pubmed/24905597
https://doi.org/10.3758/s13423-019-01629-2
http://www.ncbi.nlm.nih.gov/pubmed/31270766
https://www.sciencedirect.com/science/article/pii/B9780128018514000100
https://www.sciencedirect.com/science/article/pii/B9780128018514000100
https://doi.org/10.1016/j.biopsycho.2011.05.003
https://doi.org/10.1016/j.biopsycho.2011.05.003
http://www.ncbi.nlm.nih.gov/pubmed/21600956
https://doi.org/10.1016/j.physbeh.2011.10.031
http://www.ncbi.nlm.nih.gov/pubmed/22108508
https://doi.org/10.1016/j.neuroimage.2018.10.050
http://www.ncbi.nlm.nih.gov/pubmed/30355533
https://doi.org/10.1901/jeab.2011.96-423
https://doi.org/10.1901/jeab.2011.96-423
http://www.ncbi.nlm.nih.gov/pubmed/22084499
https://doi.org/10.1037/a0014503
http://www.ncbi.nlm.nih.gov/pubmed/19186934
https://doi.org/10.1007/s00213-011-2229-0
https://doi.org/10.1007/s00213-011-2229-0
http://www.ncbi.nlm.nih.gov/pubmed/21373791
https://doi.org/10.1017/S0033291716000866
https://doi.org/10.1017/S0033291716000866
http://www.ncbi.nlm.nih.gov/pubmed/27299672
https://doi.org/10.1097/FBP.0b013e3280115f99
https://doi.org/10.1097/FBP.0b013e3280115f99
http://www.ncbi.nlm.nih.gov/pubmed/17110792
https://doi.org/10.1371/journal.pone.0299591


Dependence. 2009 Aug 1; 103(3):99–106. https://doi.org/10.1016/j.drugalcdep.2008.12.019 PMID:

19443136

22. Chesson HW, Leichliter JS, Zimet GD, Rosenthal SL, Bernstein DI, Fife KH. Discount rates and risky

sexual behaviors among teenagers and young adults. J Risk Uncertainty. 2006 May 1; 32(3):217–30.

23. Snider SE, DeHart WB, Epstein LH, Bickel WK. Does delay discounting predict maladaptive health

and financial behaviors in smokers? Health Psychology. 2019; 38(1):21–8. https://doi.org/10.1037/

hea0000695 PMID: 30474996

24. Kennedy J. Subjective Wellbeing and the Discount Rate. Journal of Happiness Studies. 2020; 21

(2):635–58.

25. Lempert KM, Phelps EA. The Malleability of Intertemporal Choice. Trends Cogn Sci. 2016 Jan; 20

(1):64–74. https://doi.org/10.1016/j.tics.2015.09.005 PMID: 26483153

26. Ifcher J, Zarghamee H. Happiness and Time Preference: The Effect of Positive Affect in a Random-

Assignment Experiment. American Economic Review. 2011 Dec; 101(7):3109–29.

27. Pyone JS, Isen AM. Positive Affect, Intertemporal Choice, and Levels of Thinking: Increasing Consum-

ers’ Willingness to Wait. Journal of Marketing Research. 2011 Jun 1; 48(3):532–43.

28. Augustine AA, Larsen RJ. Affect regulation and temporal discounting: interactions between primed,

state, and trait affect. Emotion. 2011 Apr; 11(2):403–12. https://doi.org/10.1037/a0021777 PMID:

21500908

29. Hirsh JB, Guindon A, Morisano D, Peterson JB. Positive mood effects on delay discounting. Emotion.

2010; 10(5):717–21. https://doi.org/10.1037/a0019466 PMID: 21038955

30. DeSteno D, Li Y, Dickens L, Lerner JS. Gratitude: A Tool for Reducing Economic Impatience. Psychol

Sci. 2014 Jun 1; 25(6):1262–7. https://doi.org/10.1177/0956797614529979 PMID: 24760144

31. Dickens L, DeSteno D. The grateful are patient: Heightened daily gratitude is associated with attenu-

ated temporal discounting. Emotion. 2016 Jun; 16(4):421–5. https://doi.org/10.1037/emo0000176

PMID: 27018609

32. Huang X (Irene), Huang Z (Tak), Wyer RS. Slowing Down in the Good Old Days: The Effect of Nostal-

gia on Consumer Patience. Journal of Consumer Research. 2016 Oct 1; 43(3):372–87.

33. Liu L, Feng T, Chen J, Li H. The Value of Emotion: How Does Episodic Prospection Modulate Delay

Discounting? PLOS ONE. 2013 Nov 28; 8(11):e81717. https://doi.org/10.1371/journal.pone.0081717

PMID: 24312341

34. Guan S, Cheng L, Fan Y, Li X. Myopic decisions under negative emotions correlate with altered time

perception. Front Psychol. 2015 Apr 17; 6:468. https://doi.org/10.3389/fpsyg.2015.00468 PMID:

25941508

35. Luo S, Ainslie G, Monterosso J. The behavioral and neural effect of emotional primes on intertemporal

decisions. Social Cognitive and Affective Neuroscience. 2014 Mar 1; 9(3):283–91. https://doi.org/10.

1093/scan/nss132 PMID: 23160811

36. Lerner JS, Li Y, Weber E. Sadder, but not wiser: the myopia of misery. ACR North American

Advances. 2012;

37. Malesza M. Relationship between emotion regulation, negative affect, gender and delay discounting.

Curr Psychol [Internet]. 2019 Jul 15 [cited 2021 Mar 15]; Available from: http://link.springer.com/10.

1007/s12144-019-00366-y

38. Li JZ, Li S, Liu H. How Has the Wenchuan Earthquake Influenced People’s Intertemporal Choices?1.

Journal of Applied Social Psychology. 2011; 41(11):2739–52.

39. Mauss IB, Robinson MD. Measures of emotion: A review. Cogn Emot. 2009 Feb 1; 23(2):209–37.

https://doi.org/10.1080/02699930802204677 PMID: 19809584

40. Han S, Lerner JS, Keltner D. Feelings and Consumer Decision Making: The Appraisal-Tendency

Framework. Journal of Consumer Psychology. 2007; 17(3):158–68.

41. Smith CA, Ellsworth PC. Patterns of cognitive appraisal in emotion. J Pers Soc Psychol. 1985 Apr; 48

(4):813–38. PMID: 3886875

42. Lerner JS, Keltner D. Fear, anger, and risk. J Pers Soc Psychol. 2001 Jul; 81(1):146–59. https://doi.

org/10.1037//0022-3514.81.1.146 PMID: 11474720

43. Weafer J, de Wit H. Sex differences in impulsive action and impulsive choice. Addictive Behaviors.

2014 Nov 1; 39(11):1573–9. https://doi.org/10.1016/j.addbeh.2013.10.033 PMID: 24286704

44. Wilson M, Daly M. Do pretty women inspire men to discount the future? Proc Biol Sci. 2004 May 7; 271

Suppl 4:S177–179. https://doi.org/10.1098/rsbl.2003.0134 PMID: 15252976

45. Koff E, Lucas M. Mood moderates the relationship between impulsiveness and delay discounting. Per-

sonality and Individual Differences. 2011 May 1; 50(7):1018–22.

PLOS ONE Gender differences: Effects of emotion induction on intertemporal decision-making

PLOS ONE | https://doi.org/10.1371/journal.pone.0299591 March 20, 2024 19 / 22

https://doi.org/10.1016/j.drugalcdep.2008.12.019
http://www.ncbi.nlm.nih.gov/pubmed/19443136
https://doi.org/10.1037/hea0000695
https://doi.org/10.1037/hea0000695
http://www.ncbi.nlm.nih.gov/pubmed/30474996
https://doi.org/10.1016/j.tics.2015.09.005
http://www.ncbi.nlm.nih.gov/pubmed/26483153
https://doi.org/10.1037/a0021777
http://www.ncbi.nlm.nih.gov/pubmed/21500908
https://doi.org/10.1037/a0019466
http://www.ncbi.nlm.nih.gov/pubmed/21038955
https://doi.org/10.1177/0956797614529979
http://www.ncbi.nlm.nih.gov/pubmed/24760144
https://doi.org/10.1037/emo0000176
http://www.ncbi.nlm.nih.gov/pubmed/27018609
https://doi.org/10.1371/journal.pone.0081717
http://www.ncbi.nlm.nih.gov/pubmed/24312341
https://doi.org/10.3389/fpsyg.2015.00468
http://www.ncbi.nlm.nih.gov/pubmed/25941508
https://doi.org/10.1093/scan/nss132
https://doi.org/10.1093/scan/nss132
http://www.ncbi.nlm.nih.gov/pubmed/23160811
http://link.springer.com/10.1007/s12144-019-00366-y
http://link.springer.com/10.1007/s12144-019-00366-y
https://doi.org/10.1080/02699930802204677
http://www.ncbi.nlm.nih.gov/pubmed/19809584
http://www.ncbi.nlm.nih.gov/pubmed/3886875
https://doi.org/10.1037//0022-3514.81.1.146
https://doi.org/10.1037//0022-3514.81.1.146
http://www.ncbi.nlm.nih.gov/pubmed/11474720
https://doi.org/10.1016/j.addbeh.2013.10.033
http://www.ncbi.nlm.nih.gov/pubmed/24286704
https://doi.org/10.1098/rsbl.2003.0134
http://www.ncbi.nlm.nih.gov/pubmed/15252976
https://doi.org/10.1371/journal.pone.0299591


46. Croson R, Gneezy U. Gender differences in preferences. Journal of Economic literature. 2009; 47

(2):448–74.

47. van den Bos R, Homberg J, de Visser L. A critical review of sex differences in decision-making tasks:

Focus on the Iowa Gambling Task. Behavioural Brain Research. 2013 Feb 1; 238:95–108. https://doi.

org/10.1016/j.bbr.2012.10.002 PMID: 23078950

48. Weinstein A, Dannon P. Is impulsivity a male trait rather than female trait? Exploring the sex difference

in impulsivity. Current behavioral neuroscience reports. 2015; 2(1):9–14.

49. Byrne KA, Worthy DA. Gender differences in reward sensitivity and information processing during

decision-making. J Risk Uncertain. 2015 Feb 1; 50(1):55–71.

50. Beck RC, Triplett MF. Test-retest reliability of a group-administered paper-pencil measure of delay dis-

counting. Exp Clin Psychopharmacol. 2009 Oct; 17(5):345–55. https://doi.org/10.1037/a0017078

PMID: 19803634

51. Reimers S, Maylor EA, Stewart N, Chater N. Associations between a one-shot delay discounting mea-

sure and age, income, education and real-world impulsive behavior. Personality and Individual Differ-

ences. 2009 Dec 1; 47(8):973–8.

52. Smith CL, Hantula DA. Methodological considerations in the study of delay discounting in intertem-

poral choice: A comparison of tasks and modes. Behavior Research Methods. 2008 Nov 1; 40(4):940–

53. https://doi.org/10.3758/BRM.40.4.940 PMID: 19001385

53. de Wit H, Flory JD, Acheson A, McCloskey M, Manuck SB. IQ and nonplanning impulsivity are inde-

pendently associated with delay discounting in middle-aged adults. Personality and Individual Differ-

ences. 2007 Jan 1; 42(1):111–21.

54. Hirsh JB, Morisano D, Peterson JB. Delay discounting: Interactions between personality and cognitive

ability. Journal of Research in Personality. 2008; 42(6):1646–50.

55. Kirby KN, MarakovićNN. Modeling Myopic Decisions: Evidence for Hyperbolic Delay-Discounting

within Subjects and Amounts. Organizational Behavior and Human Decision Processes. 1995 Oct 1;

64(1):22–30.

56. Lucas M, Koff E. Delay discounting is associated with the 2D:4D ratio in women but not men. Personal-

ity and Individual Differences. 2010; 48(2):182–6.

57. Dawson C. Gender differences in optimism, loss aversion and attitudes towards risk. British Journal of

Psychology. 2023; 114(4):928–44. https://doi.org/10.1111/bjop.12668 PMID: 37293710

58. Maffei A, Angrilli A. E-MOVIE—Experimental MOVies for Induction of Emotions in neuroscience: An

innovative film database with normative data and sex differences. PLOS ONE. 2019 Oct 3; 14(10):

e0223124. https://doi.org/10.1371/journal.pone.0223124 PMID: 31581254

59. Fanti KA, Kyranides MN, Georgiou G, Petridou M, Colins OF, Tuvblad C, et al. Callous-unemotional,

impulsive-irresponsible, and grandiose-manipulative traits: Distinct associations with heart rate, skin

conductance, and startle responses to violent and erotic scenes. Psychophysiology. 2017; 54(5):663–

72. https://doi.org/10.1111/psyp.12837 PMID: 28169424

60. Gross JJ, Levenson RW. Emotion elicitation using films. Cognition and Emotion. 1995 Jan 1; 9(1):87–

108.

61. Rottenberg J, Ray RD, Gross JJ. Emotion elicitation using films. In: Handbook of emotion elicitation

and assessment. New York, NY, US: Oxford University Press; 2007. p. 9–28. (Series in affective

science.).

62. Andreoni J, Sprenger C. Risk Preferences Are Not Time Preferences. American Economic Review.

2012 Dec; 102(7):3357–76.

63. Zhao J, Cheng J, Harris M, Vigo R. Anxiety and intertemporal decision making: The effect of the

behavioral inhibition system and the moderation effects of trait anxiety on both state anxiety and socio-

economic status. Personality and Individual Differences. 2015 Dec 1; 87:236–41.

64. Johnson KL, Bixter MT, Luhmann CC. Delay discounting and risky choice: Meta-analytic evidence

regarding single-process theories. Judgment and Decision Making. 2020 May; 15(3):381–400.

65. Cornwall AC, Byrne KA, Worthy DA. Gender differences in preference for reward frequency versus

reward magnitude in decision-making under uncertainty. Personality and Individual Differences. 2018

Dec 1; 135:40–4. https://doi.org/10.1016/j.paid.2018.06.031 PMID: 34354321

66. Santomauro DF, Herrera AMM, Shadid J, Zheng P, Ashbaugh C, Pigott DM, et al. Global prevalence

and burden of depressive and anxiety disorders in 204 countries and territories in 2020 due to the

COVID-19 pandemic. The Lancet. 2021 Nov 6; 398(10312):1700–12. https://doi.org/10.1016/S0140-

6736(21)02143-7 PMID: 34634250

67. Fiorenzato E, Cona G. One-year into COVID-19 pandemic: Decision-making and mental-health out-

comes and their risk factors. Journal of Affective Disorders. 2022 Jul 15; 309:418–27. https://doi.org/

10.1016/j.jad.2022.04.144 PMID: 35490882

PLOS ONE Gender differences: Effects of emotion induction on intertemporal decision-making

PLOS ONE | https://doi.org/10.1371/journal.pone.0299591 March 20, 2024 20 / 22

https://doi.org/10.1016/j.bbr.2012.10.002
https://doi.org/10.1016/j.bbr.2012.10.002
http://www.ncbi.nlm.nih.gov/pubmed/23078950
https://doi.org/10.1037/a0017078
http://www.ncbi.nlm.nih.gov/pubmed/19803634
https://doi.org/10.3758/BRM.40.4.940
http://www.ncbi.nlm.nih.gov/pubmed/19001385
https://doi.org/10.1111/bjop.12668
http://www.ncbi.nlm.nih.gov/pubmed/37293710
https://doi.org/10.1371/journal.pone.0223124
http://www.ncbi.nlm.nih.gov/pubmed/31581254
https://doi.org/10.1111/psyp.12837
http://www.ncbi.nlm.nih.gov/pubmed/28169424
https://doi.org/10.1016/j.paid.2018.06.031
http://www.ncbi.nlm.nih.gov/pubmed/34354321
https://doi.org/10.1016/S0140-6736%2821%2902143-7
https://doi.org/10.1016/S0140-6736%2821%2902143-7
http://www.ncbi.nlm.nih.gov/pubmed/34634250
https://doi.org/10.1016/j.jad.2022.04.144
https://doi.org/10.1016/j.jad.2022.04.144
http://www.ncbi.nlm.nih.gov/pubmed/35490882
https://doi.org/10.1371/journal.pone.0299591


68. Engelmann JB, Maciuba B, Vaughan C, Paulus MP, Dunlop BW. Posttraumatic Stress Disorder

Increases Sensitivity to Long Term Losses among Patients with Major Depressive Disorder.

PLOS ONE. 2013 Oct 7; 8(10):e78292. https://doi.org/10.1371/journal.pone.0078292 PMID:

24116235

69. Xia L, Gu R, Zhang D, Luo Y. Anxious Individuals Are Impulsive Decision-Makers in the Delay Dis-

counting Task: An ERP Study. Frontiers in Behavioral Neuroscience [Internet]. 2017 [cited 2022 Nov

8]; 11. Available from: https://www.frontiersin.org/articles/10.3389/fnbeh.2017.00005 PMID:

28174528

70. Muehlenhard CL, Peterson ZD. Distinguishing Between Sex and Gender: History, Current Conceptu-

alizations, and Implications. Sex Roles. 2011 Jun 1; 64(11):791–803.

71. Hyde JS, Bigler RS, Joel D, Tate CC, Van Anders SM. The future of sex and gender in psychology:

Five challenges to the gender binary. American Psychologist. 2019 Feb; 74(2):171–93. https://doi.org/

10.1037/amp0000307 PMID: 30024214

72. Faul F, Erdfelder E, Buchner A, Lang AG. Statistical power analyses using G*Power 3.1: Tests for cor-

relation and regression analyses. Behavior Research Methods. 2009 Nov 1; 41(4):1149–60. https://

doi.org/10.3758/BRM.41.4.1149 PMID: 19897823

73. Reisenzein R. Pleasure-arousal theory and the intensity of emotions. Journal of Personality and Social

Psychology. 1994; 67(3):525–39.

74. Curtis BJ, Williams PG, Anderson JS. Objective cognitive functioning in self-reported habitual short

sleepers not reporting daytime dysfunction: examination of impulsivity via delay discounting. Sleep.

2018 May 30; 41(9):zsy115. https://doi.org/10.1093/sleep/zsy115 PMID: 29931335

75. Odum AL, Becker RJ, Haynes JM, Galizio A, Frye CCJ, Downey H, et al. Delay discounting of different

outcomes: Review and theory. Journal of the Experimental Analysis of Behavior. 2020; 113(3):657–

79. https://doi.org/10.1002/jeab.589 PMID: 32147840

76. Berns GS, Laibson D, Loewenstein G. Intertemporal choice–toward an integrative framework. Trends

in Cognitive Sciences. 2007 Nov 1; 11(11):482–8. https://doi.org/10.1016/j.tics.2007.08.011 PMID:

17980645

77. Myerson J, Green L, Warusawitharana M. Area Under the Curve as a Measure of Discounting. Journal

of the Experimental Analysis of Behavior. 2001; 76(2):235–43. https://doi.org/10.1901/jeab.2001.76-

235 PMID: 11599641

78. Lagorio CH, Madden GJ. Delay discounting of real and hypothetical rewards III: Steady-state assess-

ments, forced-choice trials, and all real rewards. Behavioural Processes. 2005 May 31; 69(2):173–87.

https://doi.org/10.1016/j.beproc.2005.02.003 PMID: 15845306

79. Mathôt S, Schreij D, Theeuwes J. OpenSesame: An open-source, graphical experiment builder for the

social sciences. Behav Res. 2012 Jun 1; 44(2):314–24. https://doi.org/10.3758/s13428-011-0168-7

PMID: 22083660

80. Betella A, Verschure PFMJ. The Affective Slider: A Digital Self-Assessment Scale for the Measure-

ment of Human Emotions. PLoS One [Internet]. 2016 Feb 5 [cited 2021 Apr 15]; 11(2). Available from:

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4743948/

81. Terracciano A, McCrae RR, Costa PT. Factorial and construct validity of the Italian Positive and Nega-

tive Affect Schedule (PANAS). Eur J Psychol Assess. 2003; 19(2):131–41. https://doi.org/10.1027//

1015-5759.19.2.131 PMID: 20467578
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