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Understanding gender differences in delay
discounting: a systematic review and meta-analysis

Chenyu Lv!, Zhi Liu?, Ofir Turel® & Qinghua He 1,484

Delay discounting significantly influences individuals' economic decisions, daily habits, and
overall physical and mental well-being. The question of whether there are systematic gender-
based differences in delay discounting remains controversial. We use a meta-analysis of 109
studies (N =66,972) to address this question. Our findings underscore a statistically sig-
nificant tendency for males to exhibit higher discounting rates for future rewards compared to
females. Subgroup analyses reveal that these gender disparities are most pronounced among
adults, as opposed to children, adolescents, and the elderly. Furthermore, notable gender
differences are primarily observed among Asian participants, whereas studies from other
regions do not consistently demonstrate significant variations. Importantly, our analysis does
not suggest the presence of publication bias. In summary, our meta-analysis confirms that
males display a higher propensity to discount future rewards compared to females, con-
tingent on age and geographical region. These insights offer valuable implications for
understanding individual differences in economic decision making and shaping interventions
tailored to address specific populations’ needs.

Introduction

umans recalibrate their choices and trade-offs between the present (e.g., spend now) and

the future (e.g., save for retirement), responding to the fluctuating availability of internal and

external resources. Such tradeoffs are common, because there are many intertemporal deci-
sions in personal and professional life domains. In these intertemporal trade-offs, the value of delayed
rewards diminishes over time, a phenomenon quantified as delay discounting (Frederick et al. 2002).
In a typical experimental paradigm of delay discounting, participants are asked to make choices
between a series of smaller-sooner (SS) and larger-later (LL) rewards (Madden and Bickel, 2010). For
instance, a typical trial in such task could be framed as, “Would you rather receive $100 today or $200
in 15 days?” The extent of a participant’s inclination towards SS option correlates with their delay
discounting rate k, often characterized by a hyperbolic function (Mazur, 1987):

A
~14kD
where V, A, and D represent the subjective value of the delayed reward, the reward magnitude, and
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the delay, respectively. Since Samuelson’s seminal work (1937), delay
discounting has been extensively studied, revealing associations with
a diverse range of psychological traits (Shamosh and Gray, 2008;
Silverman, 2003). Importantly, several studies have pointed to
gender-based differences in delay discounting rates (Kirby and
Marakovi¢, 1995). This has significant implications, because it
highlights that different genders may exhibit unique tendencies and
preferences when faced with choices. Hence, incorporating con-
siderations of gender differences in policy-making, regulations, and
resource allocation can better cater to the diverse needs of gender
groups, thereby reducing gender gaps and increasing equity and
inclusivity.

Nevertheless, despite early evidence for gender differences in
delay discounting (Kirby and Marakovi¢, 1995) examined, there is
growing debate regarding gender effects without a definite reso-
lution. Various theories have been proposed to explain the impact
of gender on delay discounting, yet they are fragmented across
disciplines and offer conflicting insights. For example, evolu-
tionary theory and social role theory each provide different per-
spectives from biological and social viewpoints, respectively, to
understand individual behavior differences. Hence, a compre-
hensive exploration of the causes and ramifications of this phe-
nomenon is imperative. The current research aims to (a) compare
and synthesize pertinent theories from diverse disciplines, (b)
quantitatively assess the magnitude and direction of gender
effects on delay discounting through meta-analysis, and (c) pin-
point possible moderating (contextual) factors influencing gender
effects on delay discounting.

Gender differences in delay discounting

Research on gender differences and similarities is crucial for two
main reasons: the significant impact of prevalent stereotypes on
behavior, necessitating an evaluation of their accuracy (Boysen
et al. 2022), and the frequent referencing of psychological gender
differences in crucial policy dialogues, such as formulating
gender-specific educational policies or elucidating factors con-
tributing to women’s underrepresentation in leadership positions
in technology companies (Seo et al. 2017). Meta-analyses offer
advantages in assessing accumulated insights about gender dif-
ferences by ascertaining the replicability of specific disparities,
providing a nuanced understanding through quantifying their
magnitude, and enabling systematic exploration of moderators
like social context.

Discussions on gender differences often focus on two main
factors: evolution and environment. Evolutionary psychologists
analyze the origins of gender differences from a biological evo-
lution perspective, suggesting adaptive advantages. Social psy-
chologists, in contrast, explore how gender differences manifest
and are explained across various social and environmental con-
texts, emphasizing the shaping role of social roles, cultural
expectations, and environmental influences. Understanding
which theory—evolutionary or social role theory—better explains
gender differences in delay discounting is crucial for advancing
our understanding of human decision making. The following
sections will separately review these theories and integrate find-
ings from diverse studies through meta-analysis to elucidate the
primary drivers of gender differences in delay discounting.

Gender differences in delay discounting from the perspective
of the theory of evolution. Evolutionary psychology focuses on
the functional aspects of decision making, aiming to uncover why
specific preferences and biases exist. It posits that psychological
gender differences have evolved through adaptive mechanisms,
where behaviors beneficial to survival and reproduction have
been selected over generations (Buss and Schmitt, 1993). Key
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concepts in this framework include sexual selection and parental
investment, originally proposed by Darwin. Sexual selection
explains how males and females exhibit different behaviors in
competition for mates and in choosing mates, influencing traits
such as aggression. For instance, males often compete to display
resources, which may translate into preferences for immediate
small rewards in social contexts. Conversely, females, with their
higher parental investment, may prioritize long-term stability and
larger rewards to ensure reproductive success. Parental invest-
ment theory further elucidates gender differences, highlighting
how females, due to their substantial investment in offspring, may
favor delayed rewards to secure resources and support for their
children’s well-being. In contrast, males, investing less biologi-
cally, may prioritize immediate gains to enhance their competitive
status.

According to evolutionary psychologists like Mealey (2000),
gender-specific behaviors and traits have evolved and persisted
because they offer adaptive advantages in reproductive success.
This perspective underscores the evolutionary roots of gender
differences, emphasizing how behaviors and preferences have
been shaped over millennia to maximize fitness. However,
evolutionary psychology is not without criticisms. It can exhibit
hindsight bias by retrospectively explaining behaviors without
robust empirical evidence. Moreover, it risks reinforcing gender
stereotypes by attributing roles solely based on biological
imperatives, potentially limiting our understanding of diverse
gender identities and roles. Furthermore, it may overlook the
complex interplay of social and environmental factors that also
contribute to gender differences, particularly in rapidly changing
cultural contexts.

In conclusion, while evolutionary psychology provides valuable
insights into the origins of gender differences in behaviors such as
delay discounting, it should be approached critically, considering
its strengths and limitations in explaining the complexities of
contemporary gender dynamics.

Gender Differences in delay discounting from the perspective
of social role theory. Social role theory, as supported by scholars
like Eagly and Wood (1991, 2013), asserts that gender differences
in behavior stem from societal perceptions of roles and expec-
tations. These perceptions are informed by observations of indi-
viduals fulfilling gender-specific roles, leading to the development
of gender role beliefs and stereotypes. Men are often encouraged
towards roles that emphasize assertiveness, competition, and risk-
taking, while women are guided towards nurturing, cooperative,
and risk-averse roles.

In the context of delay discounting, social role theory predicts
distinct behavioral patterns between genders. Men, conditioned
by societal norms that value immediacy, may exhibit a higher
tendency for delay discounting. This preference for immediate
gratification aligns with traits associated with male roles, such as
decisiveness and action orientation. Studies consistently show
that men tend to discount future rewards more steeply compared
to women (Kirby and Marakovi¢, 1995; Lv et al. 2021, 2023; Xiao
et al. 2022).

Conversely, women, influenced by roles that prioritize long-
term planning and stability, often display lower rates of delay
discounting. This inclination reflects traits such as patience,
prudence, and strategic long-term thinking, which are valued in
female roles. Women are more likely to wait for larger future
rewards, demonstrating a willingness to delay gratification for
greater benefits (Odum and Rainaud, 2003; Reynolds et al. 2006).

The divergence in delay discounting behaviors between
genders can be attributed to societal expectations and norms
associated with gender roles. Men may feel societal pressure to
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assert dominance and take risks, influencing their decision-
making towards immediate rewards. In contrast, women may face
expectations to prioritize stability and long-term outcomes,
affecting their tendency to delay gratification.

While social role theory provides insights into gender
differences in delay discounting, it may reinforce gender
stereotypes and overlook individual variability within genders.
Additionally, societal changes and cultural contexts may
challenge traditional gender roles, influencing behavioral patterns
in unpredictable ways.

In conclusion, social role theory offers a nuanced under-
standing of how societal expectations and gender roles shape
behaviors like delay discounting. By exploring these dynamics,
researchers can gain insights into the complexities of gender
differences in decision-making processes, contributing to a
broader understanding of human behavior across diverse social
contexts.

From theories to empirical studies of gender effects on delay
discounting. A growing body of empirical research has focused
on the impact of gender on delay discounting. Nevertheless, few
scholars have conducted a thorough examination of relevant
interdisciplinary theories, synthesizing existing empirical findings
which at times are conflicting. Kirby and Marakovi¢ (1995)
conducted pioneering research by identifying gender differences
in delay discounting. Their initial studies revealed similar delay
discounting rates between females and males in various samples,
without statistical significance. However, the limited sample sizes
(N; =21, N, =18) prevented an in-depth analysis of this out-
come. In subsequent research (Kirby and Marakovi¢, 1996), the
sample size was expanded to 258 individuals. Utilizing the same
delay discounting measure, they found a higher delay discounting
rate in males compared to females, a difference that was statis-
tically significant. The researchers cautiously suggested that these
gender differences in delay discounting may stem from differ-
ences in impulsivity among personality traits.

Over the subsequent decade, researchers extensively investi-
gated gender differences in delay discounting among both animal
and human subjects. For instance, employing primary reward
stimuli such as food or cocaine, studies using animals as subjects
yielded inconsistent results (Koot et al. 2009; Perry et al. 2007;
Perry et al. 2008). In human studies, conflicting results emerged,
with a prevailing trend towards impulsive decision making in
females (Beck and Triplett, 2009; Logue and Anderson, 2001;
Reynolds et al. 2006; Smith and Hantula, 2008). The incongruity
and opposing conclusions in the literature captured researchers’
attention. Weafer and de Wit (2014) conducted a comprehensive
review examining gender differences in delay discounting across
human and animal experiments. Subsequent reviews have
explored the potential impact of task design and reward types
on outcomes and sought explanations rooted in evolutionary
theory (Daly and Wilson, 1978), three-factor theories (Cloninger,
1987), and reinforcement sensitivity theories (Gray, 1970).

Using neuroscientific approaches, Peper et al. (2013) used
tract-based diffusion tensor imaging and magnetization transfer
imaging to examine the quality of frontostriatal white matter
tracts as a predictor of delay discounting of hypothetical rewards.
The study also examined the role of sex hormones, testosterone
and estradiol, as potential predictors of both functional
connectivity and impulsive decision making. Estrogen, a
circulating gonadal hormone, has been found to modulate
neurotransmitter activity within the prefrontal cortex (PFC)
(Keenan et al. 2001), a region crucial for intertemporal decision
making (Wang et al. 2014; Xue et al. 2009). Despite observing
greater discounting rate in males compared to females, the study

did not find a direct association between sex hormones and
impulsive decision making in either gender, except for a
correlation between testosterone levels and increased diffusion
of the frontostriatal tract specifically in men. In conclusion, this
study provides evidence for greater delay discounting rate in men,
contrary to previous findings, while failing to establish a direct
link between sex hormones and impulsive decision making in
males or females. In a separate study, Lv et al. (2023) investigated
gender-specific neural mechanisms underlying intertemporal
decision making using resting-state functional connectivity
(rsFC) across three independent samples. Their findings revealed
a positive correlation between log k and rsFC linking the right
dorsomedial prefrontal cortex (rDMPFC) with the anterior
cingulate cortex/right superior frontal gyrus in females, while
males exhibited a negative correlation between log k and rsFC
connecting the rDMPFC with the left orbitofrontal cortex/right
superior frontal gyrus. These results contribute a better
comprehension of gender-related differences in decision impul-
sivity and the associated neural substrates.

A review of empirical research on the impact of gender on
delay discounting has revealed valuable insights from the existing
literature. It has been observed that the reliability of gender effects
is influenced by several other factors (Weafer and de Wit, 2014).
The primary aim of this meta-analysis is to clarify the
manifestation of gender differences in delay discounting and
their possible influencing factors. First, the influence of age
should be taken into account, as social factors such as gender
roles and gender identity undergo changes over the lifespan.
Thus, the present study aims to investigate the developmental
trajectory of gender differences in delay discounting in relation to
age. Second, recognizing that gender is a socially and culturally
constructed concept, it is also crucial to acknowledge the potential
moderating effects of cultural and ethnic factors.

The present meta-analytical approach

In the process of literature retrieval, we only found one relatively
relevant meta-analysis, which mainly explored the gender dif-
ferences in impulsivity, and delay discounting was only a small
part of it (k=15). Its results reported no gender differences in
delay discounting tasks (Cross et al. 2011). The purpose of the
present meta-analysis is to fill a gap in the literature by investi-
gating the presence of gender differences in delay discounting.
This quantitative and systematic review aims to accomplish the
following research goals: (1) testing various theoretical hypoth-
eses for gender effects through a meta-analysis of existing studies;
and (2) examining additional moderators, such as reward mag-
nitude, socioeconomic status (SES), age and region.

We imposed no restrictions on the time frame, national origin
or age of participants in our search, aiming to gather a compre-
hensive sample of existing research. Furthermore, we specifically
included Chinese databases in our search to address potential
cultural differences. Thus, our analysis is expected to offer a
reliable representation of the available data in alignment with our
research objectives.

Method

Literature search. A systematic search was conducted across
academic databases including Web of Science, ScienceDirect,
PubMed for English records, and CNKI for Chinese records, as
well as specialized economics databases such as EconLit and
RePEc, covering the period from 1930 (the year of the seminal
publication on intertemporal choice) to December 2023. The
search aimed to include studies on gender differences in inter-
temporal decision making without bias towards gender-specific
terms. Search terms included “intertemporal decision making”
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OR “intertemporal choice” OR “delay discounting” to ensure a
comprehensive review. Additionally, the search criteria were
broadened to include abstracts for increased relevance in article
retrieval.

Inclusion/exclusion Criteria. The screening process followed a
set of predefined inclusion and exclusion criteria. First, all con-
ference abstracts, reviews, and commentaries were excluded from
consideration. Then, studies were required to involve a behavioral
measure of delay discounting, wherein participants made choices
between a smaller-sooner (SS) reward and a larger-later (LL)
reward. Additionally, the assessment of delay discounting inclu-
ded the discounting rate (k) within the hyperbolic discounting
model, and the area under the curve (AUC) representing the
indifference fitting line. Studies were excluded if they measured
intertemporal preference using variations of the delay discounting
task, non-monetary rewards, or solely engaged in model
comparisons.

Second, we excluded studies involving animals and participants
with physical or mental conditions (e.g., those with mental
disorders, physical ailments, addiction, unique professions, or
obesity). Although previous research has indicated that condi-
tions like addiction and obesity may influence delay discounting
levels, these specific groups were beyond the scope of our
investigation. While we did consider longitudinal studies, our
analysis focused solely on the first time of delay discounting
measurement. We also eliminated studies from the same open
database, including those from the Human Connectome Project.

Third, the included studies must include data on both genders
to examine gender differences. We included studies that (a)
directly investigated the relationship between gender and
intertemporal choice, (b) categorized participants by gender
while assessing their intertemporal preferences, or (c) although
not primarily focusing on gender effects, presented the relation-
ship in a correlation table or provided adequate details for effect
size calculation. When only a gender contrast was mentioned
without ample data for effect size calculation, we reached out to
the corresponding authors for additional information.

Studies investigating the effects of interventions on delay
discounting, often employing a between-subject design, were
excluded. Here, interventions encompassed a range of approaches
such as drug administration, cortical stimulation, meditation, and
emotion induction.

Our screening procedure adhered to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses guidelines (Page
et al. 2021), with screening conducted by a single reviewer (the
first author). The screening procedure is virtually represented in
Fig. 1. Data collection, interaction with authors, and the
application of inclusion/exclusion criteria yielded 118 effect sizes
from 109 studies. The studies and samples included in the final
meta-analysis are detailed in Supplementary Tables S1 and S2,
with corresponding numbering.

Coding of moderators. The coding methods of all moderators
are detailed in Supplementary Table S3. The first author coded
the moderators, and any ambiguities in coding were resolved
through discussions among all authors. Each study is coded
independently. If a single study contains multiple samples, they
are coded separately.

Analysis

Effect size extraction. When dealing with continuous outcome
data, standardized mean difference (SMD) is often calculated as
the outcome and summary measure of each sample (Borenstein et
al. 2009). Cohen’s d is a prevalent representation of SMD. In the
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present study, Hedge’s g was selected as the effect size metric,
derived from Cohen’s d to ensures normality. The correction of
Cohen’s d was performed using Hedges’ method (Cumming and
Williams, 2012; Hedges, 1982). The correction parameter (J) can
be approximated by 1— 3’y where N represents the
number of participants.

Hedge's g = Cohen's dx |

The calculation of Hedge’s g is contingent upon the nature of
the available data. Ideally, Hedge’s g can be calculated from the
respective sample sizes of the two groups (n,/n,), the mean (M,/
M,) and standard deviation (SD,/SD,) of their performance in
the intertemporal choice task.

Es,, = =M

sm
SP

S, is the pooled standard deviation, defined as:

s _ (n, — 1)SD,? + (n, — 1)SD,?
p (n,—1)+(ny— 1)

Unfortunately, Hedge’s g is sometimes not directly obtainable
from the provided data. In instance where studies solely presented
one-way ANOVA outcomes, it is possible to calculate the
standardized mean difference (SMD) from the F-values of the
one-way ANOVA. In a one-way ANOVA of two groups, the
degrees of freedom (df) should always start at 1. The formula for
this conversion is as follows:

Cohen/sd=\/F<nl+n2)( m ot >
nn, n +n, —2

For studies that only reported the results of independent-
samples t-tests, the formula for calculating SMD is as follows:
t(n, + ny)
V(g + 1y = 2)(nyny)
For two groups with unequal numbers of subjects, we can

derive the SMD from the point-biserial correlation using the
following formula:

Cohen's d =

d

/2 | (N>*-2xN)
d + nny

In addition, we can also calculate Hedge’s g (Lipsey and
Wilson, 2001) from the results of the non-normalized/normalized
regression coefficients (b/B) and Chi-square tests (x?). Effect sizes
were computed in R Version 4.3.0 (R Core Team, 2021) using the
package esc (Ltidecke, 2018). A negative value of this coding
scheme suggests that females exhibit a stronger preference for the
SS reward than males, indicating higher delay discounting in
females. Due to variations in the measurement of delay
discounting across studies, the direction of the effect size was
determined based on the specific method employed. For example,
if a study shows that males have higher delay discounting than
females, and the Area Under the Curve (AUC) is used (where a
higher value signifies lower discounting rates), the effect size
would be negative. Conversely, when discounting rates (e.g., k
values) are used for measurement, the effect size would be
positive.

r =

Effect size synthesis and moderator analysis. Analyses were con-
ducted in R using various packages. To calculate the effect size, we
use the esc package (Ltidecke, 2018). This was then calculated as
pre-calculated effect sizes using the escalc function for meta-
analysis with metafor package. To estimate the overall effect size,
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English Database
(PubMed, Sciencedirect, Web
of Science, EconlLit, RePEc)
n=14,289

Identification

Chinese Database
(CNKI)
n=1,938

Records removed before screening:
Duplicate records (n = 4,936)

n=11,291

Records screened

Records excluded
(reviews/conference proceedings/
animal studies)

n=8,329

Eligibility n=2,962

Full-text articles assessed for eligibility

Studies excluded (n=2853):
1. Manipulation and intervention
(n=673);

2. Special population (n=562);
3. Contains only one gender
(n=159);
4. Variants (n=419);
5. Not reported or not available (n=
1,040);

Eligible articles included
in quantitative synthesis
109 studies, 118 effect sizes

Fig. 1 Flow chart of studies into the meta-analyses.

we used the random-effects model, which accounts for both
within-study variance and between-study variance. Specifically,
we first calculated the square of the standard error (ie., the
variance) for each study based on its effect size and standard
error. To incorporate heterogeneity across studies, we then esti-
mated the between-study variance (t®) wusing the
DerSimonian-Laird method. The weighting coefficient for each
study was computed as the reciprocal of the sum of its variance
and the between-study variance (i.e., weight = 1 / (variance +
1%)). Finally, we computed the weighted sum of the effect sizes
and divided it by the sum of all weights to obtain the weighted
average effect size. Hedge’s ¢ was used to represent the effect size
for each included sample and was calculated such that a positive
effect size indicates males choose more immediate small rewards,
greater delay discounting, and more impulsive behavior than
females. Hedge’s g constitutes an effect size for the difference in
means and is unbiased with respect to the number of participants
in each sample. Effect sizes were interpreted using Cohen’s (1988)
suggested cutoff values of 0.20 (small), 0.50 (medium), and 0.80
(large).

To ensure the independence of effect sizes, a single effect size
was extracted from each sample. In cases where a sample
demonstrates varying effect values across different conditions,
such as differing amounts, two prevalent approaches are typically
employed: selecting a single effect value from these conditions or
calculating a mean effect value from the multiple values. As we
plan to incorporate variables such as amount size and delay time
as moderating factors in our subsequent analysis, we have
randomly selected one effect value for further processing (Lipsey
and Wilson, 2001).

Addressing heterogeneity is a critical step in meta-analysis,
where either fixed-effect models or random-effects models are
commonly employed (Borenstein et al. 2009). The fixed-effect
model assumes that all included studies share a common true
effect, with differences between studies arising solely from
sampling error. In contrast, the random-effect model allows for
variability in the true effects across studies, assuming that the
effect sizes are drawn from a distribution, making it more suitable
for cases with substantial heterogeneity. This model accounts for

both within-study variance (sampling error) and between-study
variance (heterogeneity), assuming that the true effects across
studies follow a normal distribution. Based on existing research,
the variables related to intertemporal decision making exhibit
certain heterogeneity in terms of measurement and sample
sources. Therefore, we employed a random-effects model.
Specifically, we implemented the random-effects model using
the rma function from the metafor package in R and estimated
the between-study variance (1) using the restricted maximum
likelihood (REML) method, which is widely recognized for its
accuracy in random-effects meta-analysis.

At the same time, to address the dependency of effect sizes
arising from multiple independent samples within the same study
and the potential correlation of effect sizes reported by the same
author, we conducted a multilevel random-effects model analysis
and compared it with the traditional random-effects model to
select the most suitable model. This model takes into account the
hierarchical dependencies of effect sizes, specifically at the author
level (author_id) and study level (study_id). We implemented this
multilevel meta-analysis using the rma.mv function from the
metafor package in R (Harrer et al. 2021).

To assess heterogeneity, we used Cochran’s Q test to determine
its significance and the I” statistic to quantify the proportion of
total variation attributable to heterogeneity (DerSimonian and
Laird, 1986). If the Q test was significant and I? exceeded 50%, it
indicated considerable heterogeneity, warranting the use of a
random-effect model (Higgins and Thompson, 2002; Higgins
et al. 2003).

In the moderation analysis, we employed both subgroup
analysis and individual meta-regression analysis. For categorical
variables, we used subgroup analysis to explore potential sources
of heterogeneity. Specifically, we treated the categorical variable as
a grouping factor to assess the differences in effect sizes between
the groups. For continuous variables, we conducted individual
meta-regression analysis to test the significance of potential
moderating factors. Each moderating variable was included in a
separate meta-regression model, rather than incorporating multi-
ple moderators into a single model, to avoid multicollinearity and
to clearly assess the independent effects of each moderating
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variable. These analytical methods help provide a deeper
understanding of the impact of moderating variables on effect
sizes and ensure the accuracy and reliability of the results.

Examining reporting biases. We examined two types of reporting
biases: publication and time-lag biases. Gender was not the pri-
mary interest in many eligible studies included in our meta-
analysis, making the publication bias less likely. However, studies
targeting gender differences could exhibit a publication bias. We
explored publication bias in two ways. First, we plotted contour-
enhanced funnel plots (Peters et al. 2008). Asymmetrical forms in
standard funnel plots indicate small-study effects (Schwarzer et al.
2015), in which smaller studies report larger effects than larger
studies with more participants. In contour-enhanced funnel plots,
the levels of statistical significance are visualized, facilitating the
identification of whether the asymmetry was related to the levels
of significance (e.g., publication bias). After the visual inspection
of funnel plots, a series of Egger’s regressions were conducted to
check the symmetry of the contour-enhanced funnel plot at the
statistical level (Egger et al. 1997). Second, we conducted sub-
group analysis with primary interest as the independent variable
(0 = gender was not the primary interest; 1 = gender was one of
the primary interests) to see whether the effects differed
significantly.

We also examined possible time-lag bias, indicating that
studies with more significant outcomes (e.g., lower p values) were
published earlier than less significant effects (Page et al. 2021).
We inspected time-lag bias by entering the publication year
(centered with mean) into the meta-regression model. A
significant regression coefficient indicates the existence of time-
lag bias.

Assessment of study quality. Study quality was assessed to identify
potential sources of bias that may have led to misleading con-
clusions. Given that this article describes a descriptive meta-
analysis based on mean differences in performance between dif-
ferent genders in intertemporal decision-making tasks, and
referring to existing quality assessment tools, we employed a self-
developed Data Quality Index (DQI) to assess the quality of the
included studies. This tool primarily focuses on the following five
aspects: (1) Control Variables: Whether the study controls for
other variables that may have an impact, score 1 if yes, 0 if no or
unclear.; (2) Sample Size: The sample size score is determined
logarithmically (Score = Ig(N)). The larger the sample size, the
higher the score; (3) Journal Tier: Journals are categorized into
SCI and SSCI journals in the first and second quartiles, other SCI
and SSCI journals, and Peking University core journals. Scores
are assigned as 2 points, 1 point, and 0 points, respectively; (4)
Data Validity: A score of 2 is assigned if the data validity rate is
0.9 or above, 1 point for validity rates between 0.8 and 0.9, and 0
points for validity rates below 0.8 or unreported; (5) Gender
Ratio: Calculate R = Number of females / Total number of
participants. If 0.40 < R < 0.60, assign 1 point; otherwise, assign 0
points. Finally, the total score for each literature is calculated, and
a higher score indicates better overall quality of the literature.

In order to guarantee objectivity and reliability in quality
assessment, two researchers independently conducted the process,
with the calculation of their inter-rater reliability coefficient
serving as a key indicator. Any discrepancies in quality scores are
resolved through discussion until a consensus of 100% agreement
is achieved.

Results
Descriptive summaries. A total of 109 eligible articles and 118
effect sizes were identified through our screening process, with
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detailed characteristics of these studies provided in the Supple-
mentary Information. The individual sample sizes varied from 6
to 23,677 participants, with a median of 567.56 participants
(SD = 2238.82). The mean age of participants ranged from 9.26 to
83.60 years (M = 23.51, SD = 12.49; Fig. 2A), with an age range of
9 to 94 years. The majority of study samples exhibited gender
balance (Fig. 2B), with 53.80% females (SD =11.20%). These
studies were conducted across 16 countries (Fig. 2C), with three
samples having a global participant distribution. The geographical
distribution of countries represented in the samples was pre-
dominately from developed Western nations, with fewer samples
covering a diverse range of Eastern countries. Publication years
spanned from 1995 to 2023, with 86.44% of studies published
after 2010 and 97.46% after 2000 (Fig. 2D). The 118 effect sizes
included in the current synthesis ranged from —1.29 to 4.28
(M =0.19, SD = 0.60). Information on moderator features (e.g.,
means, standard deviations, range) were summarized in Supple-
mentary Table S3.

Overall effects. We compared the results of the traditional
random-effects model and the multilevel meta-analysis model,
with detailed results presented in Table 1. Although the effect size
estimates from both models were similar and statistically sig-
nificant, the traditional random-effects model exhibited a smaller
standard error and a higher z-value, indicating more precise effect
size estimates. Additionally, the AIC and BIC values of the tra-
ditional random-effects model were lower than those of the
multilevel meta-analysis model, suggesting that the traditional
model had a slight advantage in terms of model fit. Therefore,
although the multilevel model offers a more nuanced approach to
handling data dependencies, we concluded that the traditional
random-effects model sufficiently meets the needs of this study
and provides more precise fit results. Consequently, the tradi-
tional random-effects model was selected for subsequent analyses.

The intertemporal decision-making differences between males
and females, as estimated using the traditional random-effects
model, yielded a small yet significant effect size, with Hedge’s
g=0.1762, 95% CI [0.0640, 0.2885], p =0.0021 (see Fig. 3 for a
forest plot). According to Cohen’s (1988) guidelines for effect
size, this falls within the “small effect” range. Although the effect
size is small, the result is statistically significant, indicating that
males are more likely than females to choose the immediate
smaller reward (SS) over the delayed larger reward (LL), reflecting
a higher rate of delay discounting among males. Assuming that
the discounting rates follow a standard normal distribution,
Hedge’s g=0.1762 suggests that the average discounting rate for
males is 0.1762 standard deviations higher than that for females.
Specifically, if the discounting rate for females is k; the

discounting rate for males is k,,, where k,, = k¢+ 0.1762 x o, with
o being the standard deviation of the discounting rate. A
sensitivity analysis was conducted by sequentially removing each
sample (Viechtbauer, 2010), and it was found that the overall
effect size remained significant (p <0.05) after removing any
single sample. This indicates that the overall effect size is robust,
and no individual sample was identified as having an undue
influence on the results.

Effect size heterogeneity. Heterogeneity within the data set was
examined to assess variations in effect sizes across samples.
Results of this analysis showed significant heterogeneity, Q
(117) = 18458.44, p<0.001, indicating substantial differences in
effect sizes. A notable variance in true effect sizes was also
observed, with 7=0.58, 12 =0.34, likely due high heterogeneity
across samples, IZ = 97.30%. According to the 75% rule proposed
by Hunter and Schmidt (1990), further investigation into
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Fig. 2 Descriptive information of included studies. Yellow lines are kernel density estimate curves. A Age distribution of participants; B Distribution of
female proportion across samples; € Distribution of countries across samples; D Publication year distribution of studies.

Table 1 Results of the model comparison.

Model AIC BIC AlCc Estimate SE z p
Random-Effects Model 221.390 226.914 221.495 0.176 0.057 3.077 0.002
Multilevel Meta-Analysis Model 222.970 234.018 223.326 0.165 0.063 2.601 0.010

potential moderators to understand modifying influences is
warranted. The overall estimate of effect size may not adequately
represent the range of effect sizes in the sample. Therefore,
exploring potential moderators is essential to identify factors
contributing to this variability.

Subgroup and moderator analyses. In addition to conducting an
overarching effect-size analysis, our study delved into moderation
effects to gain deeper insights. We employed rigorous methods
such as meta-regression and subgroup analyses to identify
potential moderators, thereby segmenting the data into more
meaningful subsets. A pivotal aspect of these moderator analyses
entailed ensuring a sufficiently large sample size, as underscored
by Hedges and Pigott (2004), to bolster statistical power and
robustness of our findings.

Chronological age and types of participants. The results of the
regression analysis with age as a continuous variable revealed that
b=-0012, z=-2669, and p=0.008, indicating a gradual

reduction in the gender effect with increasing age. Additionally, an
analysis was conducted using participant type as a grouping variable
to explore the moderating effect of age on gender differences. The
results showed Q = 5.39, p = 0.066, suggesting marginally significant
gender differences across various age groups. Specifically, gender
differences in delay discounting were only significant in adults, with
males exhibiting higher impulsivity than females (estimate mean
g=0.1798), while no significant differences were observed in chil-
dren, adolescents, and the elderly.

Region. Excluding several global studies covering extensive
regions, we conducted a subgroup analysis on the geographical
locations of participants in other studies, grouping them by
continent. The results revealed significant differences between
regions, with Q=17.96 and p =0.0004. Gender differences in
delay discounting were predominantly observed in studies con-
ducted in the Asia, with males exhibiting a stronger preference for
immediate small rewards, with an estimate mean of g =0.2391.

None of the other moderators reached statistical significance.
Tables 2 and 3 encapsulate the essence of our moderation
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analyses outcomes, providing a comprehensive summary of the
key moderators identified and their respective effects on the
dependent variables under investigation.

Publication bias. Since the present meta-analysis consists mostly
of data obtained from published studies, the final sample might
not be representative of the entire population of studies in exis-
tence. It is, therefore, possible that studies producing non-
significant results, because they have a lower probability of
publication, did not enter our meta-analysis and this problem
might exaggerate the magnitude of the observed effect under
consideration.

We plotted a contour-enhanced funnel plot using all studies
(Fig. 4), which visually appeared symmetric, with most observa-
tions clustered at the top due to infrequent extreme effects with
large standard errors. While visual inspection suggested minimal
asymmetry, we also applied the Egger et al. (1997) method to
formally assess publication bias. The test result (z=0.65,
p =0.51) suggests that publication bias is unlikely to account
for the present results. Additionally, the absence of significant
differences based on whether gender was a primary interest
further alleviates concerns about publication bias (Q = 0.01, p =
0.928).

Time-lag bias was examined by predicting effects using
centered publication year. The results did not reach the 0.05
level of significance, b =0.011, z=1.067, p = 0.286.

8

Assessment of study quality. Considering that all included stu-
dies are observational in nature, we employed a self-developed
Data Quality Index (DQI), referencing quality assessment tools
for observational studies. This involved two independent psy-
chology researchers evaluating all included studies. Ratings ran-
ged between 1 and 10 points (M = 5.79, SD =1.37). The Kendall
coefficient of concordance between the two evaluators was 0.79,
with p <0.001, indicating a significant level of agreement in their
assessment notes for all included literature.

Discussion

The present study made a concerted attempt to resolve the long-
standing debate on gender differences in delay discounting by
synthesizing theoretical and empirical findings from various
disciplines over the past nearly 30 years. Despite significant
progress in this field, the evidence has not conclusively resolved
the issue. Regarding the relationship between gender and delay
discounting, empirical results often conflict with each other, not
to mention the unknown influence of possible moderating fac-
tors. This meta-analysis provides the first comprehensive and
systematic review of gender differences in delay discounting,
revealing the overarching direction of these differences and key
potential moderating factors. The findings indicate that males
exhibit a greater preference for immediate small rewards,
demonstrating a higher degree of delay discounting compared to
females.

| (2025)12:589 | https://doi.org/10.1057/541599-025-04843-7



REVIEW ARTICLE

Table 2 Results of the subgroup analyses for the comparison between males and females.

Moderator Sample Size (k) Q Estimate mean g 95% CI P
Model 0.80 0.3713
k 79 0.2143 [0.0705; 0.3580]
AUC 39 0M74 [—0.0388; 0.2737]
Participants 5.39 0.0675
Adults 85 0.1798 [0.0730; 0.2867]2
Children and Adolescents 28 0.2624 [—0.0544; 0.5472]
The elderly 3 —0.6029 [-1.2730; 0.0672]
Region 17.96 0.0004
Asia 40 0.2391 [0.1010; 0.377172
America 52 0.1837 [—0.0137; 0.3811]
Europe 21 0.0953 [—-0.1740; 0.3646]
Africa 1 —0.0476 [—0.1039; 0.0087]
Country 0.31 0.5799
Developed 76 0.1625 [0.0086; 0.3163]
Developing 37 0.2226 [0.0754; 0.3697]
Family-level SES 0.28 0.5977
Lower 39 0.2176 [0.0783; 0.3570]
Middle and Upper 79 0.1629 [0.0147; 0.3110]
Incentive 0.26 0.6086
hypothetical 97 0.1672 [0.0498; 0.2846]
real 21 0.2398 [—0.0423; 0.5410]
Immediate Reward 3.42 0.6350
(lowest)
30 32 0.3912 [0.0452; 0.7371]
$0.01-$0.94 9 0.1665 [0.0036; 0.3295]
$0.95-$2.15 22 0.1126 [0.0097; 0.2156]
$2.16-$9.56 19 0.1116 [—0.0823; 0.3055]
$9.57 - $14.94 20 0.0757 [—0.1024; 0.2537]
$14.95 - $524.08 16 0.0830 [—0.0157; 0.1816]
Immediate Reward (highest) 4.49 0.4814
$0-312.21 20 0.3000 [0.0523; 0.5477]
$12.22- $17.93 21 0.0316 [—0.1288; 0.1920]
$17.94-8103.36 22 0.0869 [—0.1090; 0.2828]
$103.37-$149.18 16 0.3264 [—0.2283; 0.8811]
$149.19-$1206.16 18 0.1523 [0.0299; 0.2747]
$1206.17-$73545.75 21 0.2195 [—0.0339; 0.4728]
Delayed Reward 6.24 0.2839
(lowest)
$0.01-$10.53 18 0.3200 [0.0575; 0.5824]
$10.54- $17.59 21 0.0734 [—0.0910; 0.2377]
$17.60-$32.66 20 —0.0240 [—0.2260; 0.1781]
$32.67- $117.65 20 0.3426 [—0.1037; 0.7890]
$117.66 -$1206.16 17 0.1659 [0.0512; 0.2806]
$1206.17-$43285.30 22 0.2057 [—0.0369; 0.4482]
Delayed Reward 5.97 0.3087
(highest)
$0.01-$13.39 18 0.2827 [0.0217; 0.5438]
$13.40- $50.10 22 0.0025 [—0.2152 0.2203]
$50.11-$110.08 21 0.3486 [—0.0649; 0.7620]
$110.09-$186.14 18 0.0465 [—0.0839; 0.1768]
$186.15-31249.30 17 0.1582 [0.0331; 0.2833]
$1249.31-873545.75 22 0.2190 [—0.0252; 0.4631]
Primary Interests 0.01 0.9277
No 79 01777 [0.0375; 0.3179]
Yes 39 0.1880 [0.0172; 0.3587]
Gender Ratio 2.06 0.1512
45%-55% 55 0.2690 [0.0737; 0.4643]
Others 62 0.1046 [—0.0067; 0.2153]

The table presents the number of effect sizes (k) and the mean weighted g for each moderator category with the 95% confidence interval (Cl) in brackets. The mean weighted effect size is significantly

different from zero with p <0.05 when the 95% ClI for g does not include zero.

aStatistically significant comparison.
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Table 3 Results of the meta regression analyses for the comparison between males and females.

Moderator Sample Size b 95% CI z p
(k)

Age 116 —0.0118 [-0.0205; —0.0031] —2.6687 0.00762
Gender 17 —0.2855 [-1.3207; 0.7497] —0.5406 0.5888
Year of Education 96 —0.0255 [—0.0602; 0.0092] —1.4388 0.1502
Number of Trials 80 0.00M [-0.0013; 0.0035] 0.9053 0.3653
Delay days (lowest) 18 —0.0005 [—0.0025; 0.0016] —0.4387 0.6615
Delay days (highest) 18 —0.0001 [—0.0001; 0.0000] —0.1902 0.8491

p<0.05 when the 95% Cl for z does not include zero.
aStatistically significant regression.

The table presents the number of effect sizes (k) and the regression coefficient for each moderator category with the 95% confidence interval (CI) in brackets. The moderating effect is significant with
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Fig. 4 Contour-enhanced funnel plot based on all effect sizes. Each black point represents an observation. The funnel is centered at O (the null hypothesis

of no difference). The criterion of statistical significance is p < 0.05.

Our meta-analysis offers distinct advantages over prior ones, and
by so doing, extends their findings. Firstly, it encompasses a wider
and more inclusive selection of studies. Initial observations revealed
that certain studies, while not explicitly centered on gender differ-
ences, did report on the gender-specific aspects of delay discounting.
To ensure a comprehensive review, the search terms were broadened
to include a diverse range of literature on delay discounting, rather
than solely focusing on “gender/sex differences”. Secondly, our meta-
analysis hones in on a more specialized aspect. Prior studies primarily
delved into investigating gender differences in impulsivity, which
encompasses a spectrum of impulsive traits, behaviors, and decision-
making processes, of which delay discounting is just one facet.
Additionally, within the realm of delay discounting, considerations
extend beyond impulsivity to encompass evaluations of rewards and
time. Hence, a specialized examination of gender differences in delay
discounting is deemed essential. Thirdly, our meta-analysis delves
deeper into the underlying reasons for the inconsistent findings on
gender differences in delay discounting noted in earlier studies
through moderation effects and subgroup analyses. Our objective is
to offer a comprehensive elucidation of these discrepancies by
exploring the associated theoretical frameworks.

Limitation and future research
Sample bias and study selection. Despite efforts to include non-
English literature, such as a Chinese database, this meta-analysis
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only partially mitigates the potential impact of monolingual bias
on the results (Johnson, 2021). Additionally, achieving a balanced
number of male and female participants is crucial when exam-
ining gender differences. However, only 47% of the included
studies had a balanced gender ratio (0.45-0.55 female partici-
pants), as many studies were not primarily focused on gender
differences. This imbalance may have weakened the observed
effect size for gender differences and was also evident in the
moderating effect analysis, where the ratio significantly influ-
enced gender-related effects. Furthermore, the reliance on self-
reported measures in the included studies may introduce varia-
bility. Considering that participants’ choices in both self-reported
questionnaires and laboratory tasks were driven by their sub-
jective preferences, the potential limitations of self-reported data
remain. Future research could incorporate objective measures,
such as eye-tracking or neuroimaging, to complement traditional
self-reported data and mitigate these limitations. Another lim-
itation is the exclusion of unpublished studies. While including
such studies could provide a more comprehensive representation
of the evidence within the field, their quality is often difficult to
assess, which may reduce the reliability of the meta-analytic
results (Cook et al. 1993). Future studies could attempt systematic
retrieval of unpublished studies and explore practical methods to
address the challenges associated with evaluating the quality of
these studies.
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Domain-specific generalizability. The conclusions drawn are
limited to monetary rewards (secondary reinforcers), and was
limited to choice-based tasks, potentially limiting their general-
izability to other domains of resource allocation. There remains
an ongoing debate regarding the universality of delay discounting
as a phenomenon across various domains (Odum, 2011; Odum
et al. 2020) or its specificity to particular contexts (Jimura et al.
2011; Weatherly et al. 2010). Future research should explore
appropriate methods to more comprehensively integrate various
types of delay discounting tasks and measurement approaches,
thereby enhancing the generalizability of the results and provid-
ing a more thorough understanding of the delay discounting
phenomenon. while not all English-based articles exclusively
sample from English-speaking countries, including studies from
Eastern countries like China, the majority of the sample still
composed mainly of studies from the Americas and Europe, with
65% of participants originating from these regions. Therefore,
caution is advised when generalizing the study findings to other
nations, particularly those in developing regions.

In the subsequent section of the article, we have structured our
discourse according to the moderator analysis results, theoretical
comparison, and implications.

Findings of the moderator and subgroup analyses. The mod-
eration analysis indicates that age (both as a continuous and
categorical variable) moderate gender differences in delay dis-
counting. Additionally, geographical region of participants also
serve as a moderator in influencing the gender effect on delay
discounting. These findings will be discussed in subsequent
sections.

First, when we take age as a continuous variable, the results of
regression analysis showed that the gender differences gradually
weaken as age increases. We then used participant type as a
grouping variable to explore the moderating effect of age on
gender differences. The results found significant gender differ-
ences solely among adults, indicating that age acts as a moderator
in gender differences in delay discounting behavior. The
fluctuation gender differences in delay discounting over the
lifespan correspond with fluctuations in sex hormone levels (Ober
et al. 2008), indicating that gender differences in delay
discounting are not consistently static. Specifically, gender
differences are not significant during adolescence, peak during
young and middle adulthood, and gradually decrease with age,
particularly post-menopause, leading to the eventually disappear-
ance of most differences. These research outcomes imply that sex
hormones are pivotal in shaping and perpetuating gender-specific
trends in delay discounting behavior. Moreover, changes in gray
matter in the brain further support the dynamic developmental
patterns of gender differences in delay discounting across age
groups. Studies indicate that while males and females exhibit
similar gray matter density at age 8, females experience a more
rapid increase in gray matter density during adolescence,
resulting in higher overall gray matter density compared to
males (Kaczkurkin et al. 2019).

Second, the impact of “region” on gender differences in delay
discounting appears to be significant. Gender differences in this
behavior are predominantly observed in studies conducted in
Asian countries, while no such differences are noted in the
Americas. Furthermore, subgroup analysis based on country
types indicates that gender differences in delay discounting are
mainly present in developing countries and not significant in
developed countries. Economic conditions and the Global Gender
Gap Index (GGGI) are likely to influence gender differences in
delay discounting across different regions. Economic status is
commonly gauged through metrics such as GDP, inflation rates,

and the Gini coefficient. The GGGI provides a comprehensive
evaluation of gender differences within a country, encompassing
aspects like economic participation, educational opportunities,
health access, and political empowerment. A prior research
surveyed delay discounting in 61 countries to explore global
variances proposed that economic status could underlie such
differences (Ruggeri et al. 2022). It is hypothesized that
developing countries may exhibit higher economic disparities or
distinct gender roles in economic decision making. In terms of
social decision making, if women are often assigned roles like
caregivers, they may prioritize immediate needs due to limited
time and resources for long-term planning. Consequently, even in
more gender-equal societies, women may exhibit lower rates of
delay discounting. Additionally, cultural norms and traditions
can impact individual choices. Societies that emphasize men as
primary economic providers may encourage a focus on long-term
financial gains over immediate rewards, potentially explaining
higher rates of delay discounting among men in regions with
lower gender inequality.

In addition to the demographic variables identified in this
study—age and region—future research should explore psycho-
logical moderating factors, such as personality traits (e.g., self-
control, risk preference) and cognitive abilities (e.g., executive
function, working memory), as these may play a critical role in
gender differences in delay discounting (Keidel et al. 2021). For
instance, a recent study using genetic data found a weak to
moderate positive correlation between trait impulsivity and delay
discounting (Gustavson et al. 2020). Furthermore, the ability to
imagine future events is recognized as a key cognitive factor
influencing delay discounting. Research has shown that episodic
imagery can effectively reduce delay discounting (Rung and
Madden, 2018; Scholten et al. 2019). By incorporating these
psychological variables, future studies can provide a more
nuanced understanding of the relationship between gender and
delay discounting behavior, offering valuable theoretical insights
for interventions and policy-making.

In delay discounting tasks, the type of reward (real or
hypothetical monetary rewards) is an important experimental
design factor, raising concerns about the ecological validity and
consistency of task results. Some studies suggest that real and
hypothetical monetary rewards have similar incentive effects on
delay discounting. For instance, Johnson and Bickel (2002)
compared the impact of real and hypothetical monetary rewards
on participants’ decision-making behavior and found no
significant differences in discounting rates between the two
reward conditions. Subsequently, Madden et al. (2003, 2004)
confirmed these findings in a replication study, ruling out
potential effects of repeated measurements. Lagorio and Madden
(2005) introduced forced-choice and free-choice conditions into
the delay discounting task, similarly finding no significant
differences in decision-making behavior between real and
hypothetical rewards. Furthermore, Bickel et al. (2009) used
functional magnetic resonance imaging (fMRI) to explore the
neural mechanisms underlying impulsive decision making with
real and hypothetical monetary rewards. They found that both
types of rewards activated brain regions associated with reward
pathways and prefrontal control functions to a similar extent,
with no significant differences in activation levels. These studies
collectively indicate that hypothetical monetary rewards can serve
as effective incentives, comparable to real rewards, in delay
discounting tasks. These findings align with the results of our
subgroup analysis, which revealed no significant differences in the
effects of real versus hypothetical monetary rewards on the
gender differences observed in delay discounting. However, some
researchers have proposed alternative perspectives. For example,
Weafer and de Wit (2014) summarized in their review that
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gender differences in delay discounting tasks may be context-
dependent. Specifically, they suggested that women tend to
exhibit higher discounting rates and prefer immediate rewards in
hypothetical reward tasks, whereas men may exhibit steeper
discounting in tasks involving real rewards or opportunities to
receive rewards through lotteries. While this perspective provides
an intriguing interpretative framework, it is important to note
that the conclusions drawn by Weafer and de Wit are primarily
based on a review of existing studies and lack empirical data or
meta-analytic evidence. As such, the generalizability and
reliability of their claims remain to be further validated.
Therefore, when interpreting gender differences in delay
discounting tasks, caution should be exercised in considering
the role of contextual factors, and future research should
incorporate larger sample sizes and diverse experimental designs
to provide more robust empirical evidence.

Theoretical comparison and explanation. Our research reveals a
substantial gender disparity in delay discounting, with males
exhibiting higher rates compared to females. This indicates a
stronger inclination among males towards immediate small
rewards. These findings are highly consistent with existing the-
ories of gender differences we mentioned earlier, whether from an
evolutionary perspective or social role theory, further validating
our results.

From an evolutionary perspective, gender differences in
decision preferences may reflect genetic foundations of early
human survival strategies. Due to higher competitive pressures
and challenges in resource acquisition throughout evolution,
males may seek immediate rewards to maximize resource
utilization or manage risks efficiently, leading them to exhibit a
tendency towards immediate small rewards in delay discounting
tasks. Simultaneously, traditional social role divisions expect
males to demonstrate adventurous, competitive, and decisive
traits, while females are expected to exhibit cautious, cooperative,
and long-term perspectives (Eagly, 1987; Wood and Eagly, 2015).
These gender role expectations become internalized during
individual development, shaping their decision preferences.
Therefore, males may prefer immediate small rewards in delay
discounting tasks, aligning with societal norms associated with
their gender roles.

However, based on moderation and subgroup analyses, social
role theory appears to more effectively explain the gender
differences we observed. Our study reveals significant gender
disparities in delay discounting across different age groups and
regions, indicating that environmental and social factors play a
crucial role in shaping these differences. Specifically, variations in
age and geographical location seem to moderate the differences
between men and women in delay discounting tasks, aligning
with expectations from social role theory.

In childhood and adolescence, gender roles are still developing
(Martin and Ruble, 2010; Stynes et al. 2021), leading to a less
pronounced divergence in decision making between genders as
individuals are primarily exploring various social roles (Benish-
Weisman et al. 2022). Young adults, however, are at a crucial
stage where gender role expectations and cultural norms strongly
influence their decision-making processes (Hutchison et al. 2016).
Differences in educational opportunities, career expectations, and
social pressures faced by men and women during this phase are
reflected in their intertemporal decision-making patterns. For
instance, men tend to favor high-risk, high-reward long-term
investments, while women often prioritize stability and safety
with lower-risk short-term investments. However, as individuals
age, societal roles stabilize, and the influence of social expecta-
tions weakens. Gender differences in decision making may
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diminish in old age as older adults prioritize personal values and
quality of life over gender norms (Lu et al. 2023). Health status
and economic conditions also play a significant role in shaping
intertemporal decision making among the elderly, potentially
overshadowing gender disparities. Moreover, regional factors
further impact gender differences in decision making. Cultural
and economic variations across regions shape distinct gender role
expectations and norms (Best and Puzio, 2019; Mazzuca et al.
2023). In some regions, men are expected to display competi-
tiveness, while women are tasked with family and community
care-taking roles (Wang et al. 2024). These expectations influence
men and women’s decision-making tendencies. In certain
cultures, men are encouraged to pursue economic independence
and career advancement, leading to long-term financial planning
and investment. Conversely, women may prioritize family and
community, focusing on short-term budgeting. Regional gender
role expectations not only influence decision content but also the
factors considered during the decision-making process.

While age and region are influential in determining gender
differences in intertemporal decision making, it is crucial to
recognize that these disparities are not universally moderated or
eradicated. Factors such as individual distinctions, educational
backgrounds, and job characteristics can significantly impact
intertemporal decision making. Therefore, a holistic under-
standing of gender variations in intertemporal decision making
requires a comprehensive evaluation of multiple elements,
including age, region, and individual attributes.

Implications

The dynamics of gender differences. The present study highlights
the intriguing notion that gender disparities exhibit greater pro-
minence in adults, indicating that age plays a significant role in
modulating such distinctions. This discovery underscores the
importance of investigating how individual decision-making
tendencies evolve throughout the lifespan, prompting further
exploration into the dynamic progression of gender differentials
across various age cohorts. As individuals transition through
distinct life stages, they encounter evolving social, economic, and
psychological pressures, which directly influence the manifesta-
tion of gender variations at different points in time. During early
phases, educational and career considerations may exert a sub-
stantial impact, potentially accentuating gender variations in
preferences for immediate gratification. With advancing age,
familial responsibilities, social interactions, and long-term plan-
ning may assume greater significance in shaping the expression of
gender disparities. Furthermore, the interplay of physiological
and psychological transformations over the lifespan, including
alterations in cognitive abilities and social needs, is likely to sig-
nificantly contribute to gender differentials. Consequently, future
research endeavors should place heightened emphasis on com-
prehensively examining the dynamic trajectory of gender dis-
tinctions across diverse age demographics to enhance our
understanding of the underlying mechanisms governing this
phenomenon. It is imperative to recognize that gender differ-
entials are not static traits but rather dynamic attributes that
necessitate contextualization within the broader framework of the
lifespan. This perspective carries implications for tailoring inter-
ventions in a more personalized and phased manner and for
advancing a more holistic theoretical framework within gender
studies.

The critical role of culture in shaping individual decision-making
preferences. Gender differences exhibit greater prominence in
certain regions, underscoring the profound influence of culture
on individuals’ values and decision-making behaviors. This
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discovery offers fresh empirical backing for cultural psychology,
enhancing our comprehension of how culture molds behavioral
patterns. In Asia and developing nations, entrenched cultural
values notably shape individual cognition and behavior. Gender
roles in these cultures come with specific social expectations,
directly impacting decision-making performance. For instance,
certain cultures prioritize financial success and competition for
men, while women are expected to prioritize family and social
connections. These gender role divisions not only define indivi-
duals’ ideas of success and accomplishment but also influence
their preferences for immediate rewards versus long-term
investments. The present study’s findings also reflect the role of
culture in shaping education, family values, and media influence.
Through social learning, individuals gradually internalize per-
ceptions of gender roles, significantly influencing their decision-
making processes. If a culture links immediate rewards with
males, individuals may tend to adopt this behavior to align with
societal norms. Conversely, societies that highlight women’s roles
in long-term planning and family may lead women to focus on
stability and long-term investments, showing less inclination
toward immediate rewards. In sum, this research sheds light on
how culture shapes gender differences and decision-making
behaviors, underscoring culture’s significance in individual psy-
chological processes. These insights carry weighty implications
for developing culturally attuned decision-making approaches
and fostering appreciation for cultural diversity.

Developing delay discounting models that capture interactions
among multiple factors. Traditional discount utility models (DU
models) and their variations (e.g., hyperbolic discounting models) are
commonly used to study delay discounting. However, these models
assume a single discounting rate, overlooking individual and con-
textual heterogeneity, and thus struggle to fully explain the com-
plexity of behaviors observed in delay discounting. This limitation
aligns with the perspective of Frederick et al. (2002), who argued that
delay discounting is not merely the result of a single discounting
process but is driven by multiple psychological mechanisms. His
theory of multiple motives provides a new theoretical framework for
understanding inter-individual and cross-context behavioral differ-
ences in delay discounting. For instance, in the study of gender
differences, the behaviors exhibited by males and females in delay
discounting may not simply stem from differences in discounting
rates but rather from the interplay of various psychological motives.
Females may place greater emphasis on the reliability of future
rewards (anticipatory utility), while males may be more influenced by
emotional factors or immediate gratification motives. Such differ-
ences can be more comprehensively explained through the lens of the
multiple motives theory. Therefore, research into gender differences
in delay discounting should focus on the interaction of these psy-
chological mechanisms rather than solely attributing differences to
the levels of discounting rates. Future studies should aim to develop
delay discounting models that account for the interactions among
multiple contexts and motives. These models should be capable of
adapting to dynamic preference changes, incorporating factors such
as temporal shifts, contextual adjustments, and learning effects, to
explain heterogeneity across contexts and individuals. Such models
would not only provide a more accurate understanding of gender
differences but also shed light on cultural variations, social norms,
and their influence on delay discounting behaviors. By developing
these models, we can achieve a more comprehensive understanding
of the complexity of delay discounting and provide theoretical sup-
port for designing personalized intervention strategies.

Practical significance. Delay discounting is widely used to predict
and measure behavioral disorders, with research showing a strong
correlation between addiction disorders and higher delay

discounting rates (MacKillop et al. 2011). Gender differences in
these behavioral disorders have also garnered significant atten-
tion, with men being notably more likely than women to engage
in addictive behaviors such as gambling and online gaming
(Chdliz, 2016; Su et al. 2019). Therefore, understanding the role
of gender in delay discounting can provide theoretical support for
developing personalized interventions to optimize decision-
making processes (Gillebaart and de Ridder, 2015). For exam-
ple, in the education sector, gender-specific financial literacy
programs can help men strengthen long-term planning aware-
ness, while enhancing women’s risk management skills. In the
financial sector, banks and investment institutions can design
differentiated products based on gender characteristics, such as
offering incentive-based savings tools for men to promote long-
term financial planning and providing more investment educa-
tion to women to enhance their risk decision-making capabilities.
At the same time, policies should consider regional cultural and
economic contexts. In developing countries, efforts should focus
on strengthening women’s economic independence and raising
awareness among men about the importance of saving, while in
developed countries, public education should promote rational
consumption and saving. These integrated interventions can
reduce gender differences in delay discounting and foster heal-
thier long-term decision-making behaviors.

Data availability

All data for this project, along with relevant code and codebooks,
have been made publicly available at the Open Science Frame-
work (OSF) and can be accessed at https://osf.io/gk2y6/?view_
only=003e402c1767493796cb2d6d74170b09. The meta-analysis
for the present study was preregistered to enhance research
transparency and prevent selective reporting. The detailed pro-
tocol can be accessed on the OSF at https://osf.io/sxp3m/?view_
only=9ddea58d8ea247d5bd56aldad6709cd5.
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