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Abstract

Many of today’s pressing societal challenges, such as organ shortages, low vaccination rates, and climate change, require significant
changes in individual behavior. One promising intervention to encourage such behavioral change is the opt-out default, which
presumes consent for a desirable action rather than requiring active opt-in. While past research focused on the impact of opt-out
defaults on the targeted behavior, potential crowding out of related behaviors has been largely overlooked. Here, we investigate
whether adopting opt-out policies for deceased organ donation reduces living donations, a related prosocial behavior serving the same
public good. Analyzing epidemiological panel data from countries that adopted an opt-out default between 2000 and 2023, we find that
the policy switch, on average, leads to a nonsignificant increase in annual deceased donor rates of +1.21 people per million population
(+7%, P=0.213) but to a significant decrease in living donor rates of —4.59 people per million population (-29%, P =0.026). Across four
additional studies, we demonstrate that this crowding-out effect is reflected in a reduced willingness for living altruistic (vs. familial)
donations and is attributable to a stronger belief that the organ supply is sufficiently met with deceased donations under opt-out (vs.
opt-in). Our research advances insights into the unintended consequences of default nudges and suggests ways to mitigate them.

Keywords: behavioral interventions, default nudges, public health policy, organ donation, crowding-out effects

Significance Statement

The opt-out default is one of the most promising behavioral nudges to improve individuals’ health, wealth, and sustainability deci-
sions. But can this widely used policy intervention also have unintended consequences? We study this possibility in the context of
organ donations and show that opt-out defaults have a crowding-out effect on related behaviors (living donations) not targeted by
the intervention, offsetting the intended welfare gains. We reveal that this is due to people holding stronger beliefs that the opt-out
defaulthas solved the organ shortage problem. Our findings are relevant for behavioral scientists and policymakers as they extend the
theoretical and practical understanding of default nudges and call for further research to overcome the identified crowding-out effect.

Introduction applies if one does not actively opt-out (1, 4). Introducing such

Many of today’s pressing societal challenges, such as the shortage an opt-out default has a strong influence on behavior as defaults

of organs for transplantation, low vaccination rates, or the pro- convey a recommended action, establish a reference point for

gression of climate change, call for significant changes in individ- ~ @valuation, and make it easy to accept the behavior (5, 6). For pol-
ual’s behavior (1-3). One of the most promising interventions to ~ icymakers, the inherent appeal of adopting an opt-out policy
promote such behavioral change is the opt-out default nudge, stems from its noncoercive nature, as it does not restrict individ-
where a socially desirable behavior is set as the default that ual choice (1). Not surprisingly, opt-out default policies have been
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widely adopted and shown to be highly effective and cost-efficient
in promoting socially desirable behaviors across various domains
2,3,5,7).

One of the most prominent examples of the success of the opt-
out default policy concerns organ donation. Securing a sufficient
supply of organ donations is essential to saving lives. In the
United States, for example, the waiting time for a kidney is 3-5
years, and every day, 17 people die while waiting for an organ
transplant (8). In their seminal article, Johnson and Goldstein (9)
suggested that simply switching from an opt-in default (where no-
body is a donor unless they opt-in) to an opt-out default for de-
ceased organs (where everybody who is eligible is a donor unless
they opt-out) can save many lives, as countries using an opt-out
default policy have, on average, six-times higher registration rates
for deceased organ donation. Many other studies have since con-
firmed a positive effect of the opt-out default on deceased donor
registration rates and actual deceased donations (for a review,
see 10). Given these promising projections and the organ short-
ages worldwide, many countries have decided to adopt an opt-out
default policy (e.g. recently England and The Netherlands (11)) or
are considering a switch (e.g. Germany (12)).

However, there is yet little evidence on the total welfare gains
of such a policy switch regarding total organ donors gained and,
by implication, lives saved. One key reason is that prior work on
opt-out defaults has primarily focused on effects on deceased
donations (the targeted behavior), while the possibility of unin-
tended negative effects on living donations (a related behavior,
not targeted by the policy) has been largely overlooked (13-17).
Given that ~61% of kidney transplants worldwide come from de-
ceased, and 39% come from living organ donors (18), a more hol-
istic view is essential to assess the actual welfare gains of the
opt-out default policy in terms of its effects on the total supply
of organs for transplant from both living and deceased donors.

In this paper, we examine whether adopting an opt-out default
policy leads to “crowding-out” effects on related behaviors (i.e. liv-
ing donation) not targeted by the intervention. We define the
opt-out policy default’s crowding-out effect as its indirect nega-
tive effect on the willingness to make living organ donations
and, in turn, the number of living organ donors. To estimate the
effects of the policy adoption on deceased and living organ donor
rates, we used a difference-in-difference approach (19) to com-
pare relative donor rate developments between countries that
switched to opt-out and countries that maintained an opt-in pol-
icy between 2000 and 2023. We find that while adopting an opt-out
policy increased deceased donors in some countries, it did not lead
to a significant average increase in deceased donors per million
population (+1.21 pmp, P=0.213). In contrast, we find consistent
evidence across switching countries that the policy crowds out
living organ donors, with an average decrease of —4.59 pmp
(P =0.026).

We hypothesize that a perceptional bias on how people per-
ceive the supply of organs following the policy change can explain
this crowding-out effect. Specifically, we predict that people will
be less willing to become a living organ donor under an opt-out
than an opt-in default due to stronger beliefs that organ supply
is sufficient to meet demand under opt-out. This inflated percep-
tion of organ supply is likely to be triggered by the anticipation of
higher registration rates under opt-out and may be reinforced by
the rhetoric from politicians advocating a move to an opt-out de-
fault policy (20). Thus, people might perceive that more organs are
available under the opt-out default policy and, as a result, feel less
inclined to donate as living donors. We also test two alternative
potential explanations for the perceived supply-sufficiency

hypothesis: (i) reputation gain (studies 2 and 3) and (ii) injunctive
social norms (studies 4 and 5). The detailed rationale for these al-
ternative mechanisms is included in the relevant studies.

We also expect this crowding-out effect to be stronger for deci-
sions about altruistic (e.g. to a friend or stranger) vs. kinship living
donations (e.g. to a family member). The decision to donate to a
close family member should be less susceptible to being influ-
enced by the default policy because people are generally more
willing to incur higher costs to help family members due to direct
personal and genetic benefits (21-23), while the default policy
more likely influences the assessment of altruistic acts (24, 25).
This distinction not only promotes a deeper understanding of
the limits of conditional cooperation but is also important from
a clinical perspective, as altruistic donations accounted for 10%
of living kidney donations in the United Kingdom in 2019-2020
(26) and 7% in the United States in 2021 (8)—a trend that is likely
to increase (27).

We provide empirical evidence for these predictions in four
preregistered studies: the first is a cross-country survey (n=435)
that compares people’s perceptions about the supply of organs
for transplantation and their willingness to become a living organ
donor across two culturally similar countries using different de-
fault policies (i.e. Germany opt-in and Austria opt-out). This study
aims to cross-validate the behavioral effect in opt-in vs. opt-out
counties and show that supply sufficiency is perceived as higher
under opt-out. The second is a randomized experiment
(n = 1,721) in which we manipulate the default policy (opt-in vs.
opt-out) and registration rate (low vs. high) as a behavioral proxy
of the supply of deceased organs. This experiment explored if the
proposed effect of supply sufficiency is driven by the default or
registration rates or their combination. Thatis, the effect is stron-
gest for opt-out with a high registration rate. The third is a
randomized experiment (n=1,582) that examines the role of or-
gan shortages when policy and registration rates are congruent.
We expect that greater perceived shortages, especially under opt-
out, should lead to lower perceptions of supply sufficiency and
higher willingness to donate. The fourth is a randomized experi-
ment (n=1,225) in Switzerland (a country that in 2022, based on
a referendum, decided to implement opt-out but has not yet
switched) that explores if exposure to a realistic description of
the effectiveness of the opt-out policy (that supply of deceased do-
nor organs is not much better than under opt-in) compared with
the standard description of opt-out and an optimistic description
influence perception of supply sufficiency. We expect that per-
ceived supply sufficiency will be reduced when the effectiveness
of opt-out is presented in a realistic fashion. The first two studies
explore the alternative mechanism of reputation building, and the
latter two study injunctive norms.

Our research makes two important contributions to the
recently emerging literature on the unintended consequences of
default nudges (28, 29). First, we show that adopting an opt-out
default policy to increase individual altruistic giving behavior
(i.e. becoming an organ donor after death) can lead to substantial
crowding-out effects for related altruistic acts untargeted by the
intervention (i.e. becoming an organ donor while alive). Second,
we identify a mechanism related to the default nudge that, in
part, explains this crowding-out effect. Specifically, we show
that higher beliefs in the effectiveness of the default nudge create
an inflated perception of the sufficient supply for the public good,
which decreases people’s willingness to engage in the related al-
truistic behavior.

Our findings emphasize the importance of looking beyond the
target behavior and considering potential crowding-out effects
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on related behaviors to understand the full welfare implications
of opt-out defaults. The mechanism we identify points to a di-
lemma for policymakers who want to advocate for implementing
an opt-out default, as the stronger people believe in the effective-
ness of a default, the stronger the crowding-out effects are. These
findings have importantimplications for behavioral scientists and
(health) policymakers seeking to improve the effectiveness of opt-
out defaults.

Study 1: epidemiological study using
a quasi-experimental design

Study 1 examines how the adoption of opt-out default policies has
influenced deceased and living organ donor rates in countries that
transitioned from opt-in policies between 2000 and 2023. To
examine behavioral consequences over time, we collected epi-
demiological data on annual numbers of actual living and de-
ceased organ donors from the International Registry for Organ
Donation and Transplantation (IRODaT; 30) and annual NHSBT
reports for each of the four countries within the United
Kingdom (31). The countries’ organ donation policy was classified
based on websites of health ministries and governments, avail-
able legislative documents, and verified with correspondence
with health ministry representatives to establish accurate dates
for policy changes from opt-in to opt-out (Table S1.1).

We gathered data from countries that either transitioned to an
opt-out policy during the study period (i.e. treated countries) or
maintained an opt-in default policy throughout (i.e. control coun-
tries). All treated countries initially adopted a “soft” opt-out policy,
where family members can still override presumed consent. We
also included countries that later revised and strengthened their
legislation toward a “hard” opt-out model, in which family veto
isno longer permitted. In total, 24 countries met our inclusion cri-
teria: 18 maintained an opt-in policy throughout the study period,
while six transitioned to an opt-out policy (Slovak Republic:
January 2005, Argentina: December 2005, Wales: December
2015, England: May 2020, The Netherlands: July 2020, and
Scotland: March 2021; Fig. S1.1 and Table S1.1).

We use a quasi-experimental approach that compares the rela-
tive development of donor rates between countries that switched to
an opt-out default and those that continued to use an opt-in default
during the study period. We employ the difference-in-differences
estimator proposed by Callaway and Sant’Anna (19) to address
the panel data structure and variation in countries’ policy adoption
timing. Following prior research (13, 32), we added annual statistics
on gross domestic product and road traffic fatalities from the World
Bank database as covariates in the model. Figure 1 shows the aver-
age effects of adopting an opt-out default policy on deceased donors
(Fig. 1A) and living donors (Fig. 1B) for a year relative to the switch.
Figure 1C shows the aggregated effects across the postadoption pe-
riod. Any deviation from zero in the postadoption effects can be at-
tributed to the switch. Itis interpreted as the relative difference to
the counterfactual, i.e. the development of the donor rates if the
country would not have switched its default policy.

The results show that switching to an opt-out default policy in-
creased deceased donor rates in some countries (e.g. Wales), but
did not yield a significant average annual increase across all
switching countries (+1.21 pmp, 95% CI. -0.70, 3.12; P=0.213;
Table 1 and Fig. 1A and C). This marginal positive uplift of 7%
for the targeted outcome aligns with recent studies examining
the impact of opt-out policies on deceased organ donation rates
(32). However, adopting an opt-out policy consistently crowded
out living organ donors in all switching countries, reflected in a

significant average annual decrease of —4.59 pmp (95% CI: —8.63,
—0.55; P=0.026), corresponding to a relative drop of —-29%
(Table 1 and Fig. 1B and C). These findings support our crowding-
out hypothesis and are stable over time. We performed a series of
robustness checks that consistently confirm this pattern of results
(Supplementary File S1, Robustness checks).

In sum, the policy’s effects on deceased and living donors large-
ly offset each other, resulting in a small, statistically nonsignifi-
cant aggregate decrease in total donors (-3.38 pmp; 95% CI:
—-8.37, 1.62; P=0.185). However, deceased and living donors are
no substitutes as they differ in both the quantity and quality of or-
gans donated. A deceased donor can donate two kidneys instead
of one (although the effective yield is closer to 1.5-1.8 kidneys
per donor; 33), which is relevant as most people on organ trans-
plant waiting lists need a kidney (8). While a living organ donor
can only give one kidney, a living donation yields more favorable
patient outcomes including higher quality of life (34) and im-
proved survival rates (35, 36). Thus, the overall welfare and ethical
implications of adopting an opt-out policy are more complex than
the reported statistics suggest.

Taken together, study 1 provides behavioral evidence for the
hypothesized crowding-out effect of the opt-out default policy
on living donor rates.

Study 2: field-based comparison between
Germany (opt-in) and Austria (opt-out)

The aim of study 2 is to cross-validate the epidemiological findings
through a comparative survey between two countries with differ-
ent policies and show how the perceived supply sufficiency mech-
anism explains crowding-out effects across familial and altruistic
donation decisions. We compared perceptions of supply suffi-
ciency and willingness to become a living organ donor between
Germany (GER; opt-in) and Austria (AT; opt-out) as an example
of two culturally similar countries with different default policies
(9, 24). We used an online survey to collect a sample of 435 partic-
ipants with representative demographic profiles from both coun-
tries (Nggr = 210; NaT =225; 49% female; Myge = 44.17; SD = 15.06).

We also tested reputation building as an alternative explan-
ation to supply sufficiency. There is evidence that being a de-
ceased organ donor is seen as a more mundane act of altruism
under an opt-out (vs. opt-in) as it shifts the norm toward being a
donor (24), which weakens the reputational incentives (or “kudos”)
of being a living donor. We test whether this reduction in per-
ceived reputation building generalizes to diminish peoples’ will-
ingness to become living organ donors.

Upon entering the survey, participants were briefed about the
current default policy and donor registration rates in their re-
spective countries (Germany: opt-in default, 36% registered;
Austria: opt-out default, 99.5% registered) and general informa-
tion on living donation. To explore differences between familial
and altruistic donation decisions, we differentiate between partic-
ipants’ willingness to make a directed familial donation (e.g. to a
child or spouse), a directed altruistic donation (to a close friend,
a remote relative, and an acquaintance), and a nondirected altru-
istic donation (to a stranger) (23). To test our hypotheses regarding
the underlying mechanism of perceived organ supply sufficiency
to meet demand (e.g. “I think that the need for organs is already
sufficiently covered by the number of existing donors,” 37) and
perceived reputation building associated with an organ donation
(e.g. “Donating organs gives me social approval,” 38). Finally, par-
ticipants responded to a set of covariate items, provided demo-
graphic information, and were debriefed.
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Fig. 1. Switching to an opt-out policy has a lasting negative effect on living donor rates (study 1). Results of a difference-in-differences model with
staggered treatment adoption. The vertical dashed lines in A and B reflect the time point of the policy switch. Panel C shows average annual postadoption
effects. Error bars represent the 95% CI for each point estimate. Significance levels in C: * P < 0.05.

Table 1. Switching to opt-out crowds out living donor rates across countries (study 1).

Deceased donors (pmp) Living donors (pmp) Aggregate total effects (pmp)

Country (cohort) Estimate 95% CI P Estimate 95% CI P Estimate 95% CI P

ATT(Average) 121 (-0.70, 3.12) 0.213 —4.59 (—8.63, —0.55) 0.026 -3.38 (-8.37,1.62) 0.185
ATT(2005): Slovak Rep. -0.67 (-2.08, 0.73) 0.346 -3.83 (-13.45,5.79) 0.435 —4.50 (—14.45, 5.44) 0.375
ATT(2006): Argentina 5.22 (3.49, 6.96) <0.001 -4.90 (-14.87,5.07) 0.336 0.32 (-10.54, 11.18) 0.954
ATT(2016): Wales 4.92 (3.14, 6.70) <0.001 -3.64 (-8.33, 1.05) 0.128 1.29 (-3.94, 6.51) 0.629
ATT(2021): England -3.25 (—4.86, —1.64) <0.001 —7.41 (—8.98, —5.84) <0.001 —-10.66 (-12.93, -8.39) <0.001
ATT(2021): Netherlands 1.61 (-0.30, 3.52) 0.098 -2.20 (-3.76, —=0.65) 0.006 -0.59 (—3.25, 2.06) 0.662
ATT(2021): Scotland® -0.56 (-2.28,1.16) 0.523 -5.55 (-7.18,-3.93) <0.001 -6.11 (—8.44, -3.78) <0.001

ATTs (average treatment effects on the treated) represent the average annual change in donor rates (pmp) following the adoption of an opt-out policy. Bold values
indicate the average ATT across all switching countries. ATT(year): Country denotes country-specific ATTs, and the year in parantheses refers to the first full year of
implementation. pmp = per million population.

#Although Scotland switched in March 2021, we treat 2021 as the first full year of implementation because the NHSBT reporting year runs from April to March.

The results of a regression analysis confirm our findings from
study 1 by showing that the willingness to become a living organ
donor is significantly lower under an opt-out policy with 99.5%
registered donors (Austria) compared with an opt-in policy
with 36% registered donors (Germany; B=-0.312; SE=0.129;
P =0.015). They further indicate that this effect is primarily driven
by a decrease in people’s willingness to make altruistic living or-
gan donations under opt-out compared with opt-in. Specifically,
willingness to donate to a friend (B=-0.317; SE=0.160;
P = 0.047), a distant relative (B=-0.466; SE=0.162; P=0.004),
an acquaintance (B=-0.470; SE=0.159; P=0.003), and a stranger
(B=-0.347; SE=0.158; P =0.028) is significantly lower under opt-
out (Fig. 2), while people’s willingness to make a kinship donation
to a family member is equally high across both policy contexts
(B=0.038; SE=0.140; P=0.786). These results support our predic-
tion that the crowding-out effect of the opt-out default policy on
living organ donations mainly undermines altruistic donation de-
cisions, while donations to close kin are unaffected.

Focusing on the underlying mechanism, we find that perceived
sufficiency of organ supply is significantly higher among

participants from a country using an opt-out (Austria) vs. an
opt-in default policy (Germany; B=0.655, SE=0.119, P<0.001).
Thereis also support for the alternative explanation based on per-
ceived reputation building, as participants under opt-out (Austria)
compared with an opt-in (Germany) country perceive lower repu-
tation gains associated with organ donation (B=-0.338, SE=
0.146, P=0.021). A parallel mediation analysis supports the
proposed mechanism by showing that elevated perceptions of
supply sufficiency under opt-out explain reduced willingness to
make a directed altruistic living donations (B=-0.081, SE=
0.041; P <0.050), but not for nondirected altruistic donation, i.e.
stranger (B=0.007, SE=0.043; P=0.871). For the alternative
mechanism, we find that lower perceptions of reputation building
partially mediate the effect on altruistic donations (directed:
B=-0.058, SE=0.031; P=0.064; nondirected: B=-0.061, SE=
0.032; P=0.057). These findings suggest that both perceptions
of supply sufficiency and reputation building play a complemen-
tary role in explaining the crowding-out effect.

Taken together, study 2 provides correlational evidence that
the opt-out policy reduces living organ donations by lowering
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significance levels in B: *P <0.05, *P < 0.01.

people’s willingness to make altruistic, but not familial, dona-
tions. This effect appears to be driven by increased perceptions
of supply sufficiency and reduced perceptions of reputation gain
under opt-out.

Study 3: experimental manipulation
of default policy and registration rates

Study 3 aims to replicate the findings of Study 2 in a randomized
experiment and disentangle whether the crowding-out effect is
driven by the policy, registration rates, or both. We also aim to
provide further evidence for the proposed mechanism of supply
sufficiency and the alternative mechanism of reputation building.
We conducted a randomized 2 x 2 between-subjects experiment
crossing default policy (opt-in vs. opt-out) with information on de-
ceased organ donation registration rates (15 vs. 85%). This yielded
two conditions congruent with situations observed in the real
world (i.e. opt-in/15%,; opt-out/85%) and two less typical condi-
tions (i.e. opt-in/85%; opt-out/15%). Participants read a scenario
describing one of the four situations and then completed the
same measures as in study 2. We collected data from 1,721 partic-
ipants from Austria and Germany with representative demo-
graphic profiles (49% female; Mage = 44.28, SD = 14.85).

We find a significant negative effect of the opt-out policy on the
willingness to become a living organ donor for altruistic donations
(directed: B=-0.200; SE =0.069; P = 0.004; nondirected: B=-0.212,
SE=0.074; P=0.004) but not for familial donations (B=-0.048,
SE=0.072; P=0.506). The registration rate did not have any direct
effects but moderated the effect of the default policy on directed
altruistic donations (B=-0.280; SE=0.138; P=0.042), such that
the opt-out policy only reduced willingness to make a directed
altruistic donation when registration rates are high. This moderating
effect implies that policy and registration rates matter. Multiple

comparisons further support the joint influence of policy and
registration rate, showing that significant differences between
opt-in and opt-out policy only occur at a high (directed:
B = -0.337, SE=0.097, P<0.001; nondirected: B=-0.242,
SE = 0.104, P=0.021) but not at a low registration rate (directed:
B=0.057, SE=0.099, P=0.562; nondirected: B=-0.181,
SE =0.106, P=0.088). The willingness to make a directed altruistic
donation was also significantly lower (B=-0.209, SE=0.097,
P =0.031) under an opt-out policy with 85% registration rate (vs.
opt-in, 15%). These findings corroborate the results of study 2
and show that the crowding-out effect caused by the opt-out de-
fault policy operates mainly through a reduced likelihood of mak-
ing an altruistic (vs. kinship) donation, and especially when
registration rates are high.

Parallel mediation analysis showed a significant indirect effect
via perceived supply sufficiency on willingness to make a directed
altruistic donation (B=-0.027, SE=0.013; P=0.039), which is
mainly driven by the registration rate (B=-0.024, SE=0.012;
P =0.039). Thus, supply sufficiency explains the crowding-out ef-
fects on directed altruistic donations, with higher registration
rates being the driving factor. For reputation building, in contrast,
we do not observe such an indirect effect (B=0.001, SE=0.012;
P =0.967). These findings suggest that the perceived supply suffi-
clency mechanism offers a more robust explanation for why opt-
out defaults with high registration rates reduce living donations
than reputation building. This is an important insight, as the
registration rate often serves as a proxy when communicating
the success of the opt-out default policy (9).

In sum, study 3 demonstrates that people’s willingness to make
an altruistic living organ donation is influenced by both the dona-
tion policy and the registration rate, with the strongest crowding-
out effects emerging when the two are congruent (opt-out, 85%).
The findings also confirm that perceptions of supply sufficiency
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are primarily driven by the registration rate, potentially serving as
a proxy for organ supply. Expanding on this idea, we examine the
role of information about actual organ supply in the following
study.

Study 4: experimental manipulation
of default policy and organ shortages

Study 4 extends the findings of study 3 by examining the role of or-
gan shortages for donation when policy and registration rates are
congruent. We hypothesize that greater perceived shortages will
lead to lower perceptions of supply sufficiency and a higher will-
ingness to be a living donor. We also test the alternative mechan-
ism that opt-out leads to a greater injunctive social norm to
donate deceased organs and thus a lower need to be a living donor.
Injunctive norms refer to what people “ought” to do. There is evi-
dence that injunctive norms increase levels of prosocial behavior
(39-42) and that opt-out defaults are associated with enhanced in-
junctive norms (43). As such, moving to an opt-out default should
increase people’s injunctive norm that they should be deceased
organ donors. This will also be enhanced by the perceived descrip-
tive norm that registration rates are higher under opt-out, so not
only is donation the normative behavior, but it is also a behavior
that people should do. Indeed, cooperation is higher when de-
scriptive and injunctive norms are operating together (42), and
the “social radar” model of norms indicates that descriptive
norms, as embodied in the opt-out default, are socially monitored
and reinforce the decision to actin accordance with the injunctive
norm (44). Thus, the injunctive norm to be a deceased organ donor
will be higher under opt-out, and this will drive the normative fo-
cus (45) onto deceased organ donation and away from being a liv-
ing donor.

We conducted a randomized 2 x2 between-subjects experi-
ment, manipulating policy and congruent registration rates
(opt-in with 40% vs. opt-out with 99%) with the presence or ab-
sence of information about organ shortages. The scenario and
measures were consistent with those used in study 3. We col-
lected data from 1,582 participants from Germany with represen-
tative demographic profiles (49% female; Mage =45.23, SD = 14.57).

We find a positive main effect of the shortages on the willingness
to become a nondirected altruistic living organ donor. When
shortages are present, people are more likely to give to strangers
(B=0.230, SE=0.073, P=0.002) while the effects on directed altruis-
tic (B=0.120, SE=0.072, P=0.099) and familial donations (B=0.114,
SE =0.078, P=0.143) are less pronounced. We also observe a main
effect on supply sufficiency: when shortages were present, per-
ceived supply sufficiency was lower (B = —0.317, SE=0.072, P<
0.001). Furthermore, as predicted, exposure to an opt-out policy re-
sulted in perceived greater supply sufficiency (B=0.823, SE = 0.070,
P <0.001) and a stronger injunctive norm for deceased organ dona-
tion (B=0.334, SE=0.067, P<0.001).

Parallel mediation analysis showed that the main effect of
shortages on nondirected altruistic donations was mediated by
perceived supply sufficiency (B=0.042, SE=0.013, P=0.001) but
not injunctive norms (B=0.002, SE=0.005, P =0.657). Thus, high-
lighting organ shortages increases willingness to be a nondirected
altruistic living organ donor by increasing people’s perception of
insufficient supply to meet demand.

We further expected that mentioning shortages would have
stronger effects on perceived supply sufficiency under opt-out
compared with opt-in. Supporting this idea, we find a negative
interaction between shortages and opt-out on supply sufficiency
(B=-0.441, SE=0.143, P=0.002). This finding extends study 3 by

showing that supply sufficiency is highest under opt-out with
high registration rates and no mention of shortages. It further in-
dicates that highlighting shortages might be a means to reduce
supply sufficiency perceptions under opt-out, an idea that we fur-
ther aim to explore in study 5.

In sum, study 4 shows that highlighting shortages significantly
increases willingness to become a living organ donor by reducing
perceived supply sufficiency, and this effect is particularly pro-
nounced under an opt-out vs. opt-in default policy.

Internal meta-mediation analysis of supply
sufficiency mechanism

As the results across studies 2-4 show a consistent pattern for the
proposed supply sufficiency mechanism, we pooled the data from
all three studies to explore a meta-mediation model with more ex-
tensive statistical power. To integrate data from all three studies,
we test a simplified model only including the two congruent condi-
tions (opt-out, high% vs. opt-in, low%). We find that moving along
the congruency line from opt-in (low%) to opt-out (high%) decreases
willingness to make an altruistic donation (directed: B = —0.160;
SE=0.056; P=0.004; nondirected: B=-0.130, SE = 0.058; P=0.024)
while we find no significant effect on familial donation decisions
(B=-0.090, SE = 0.060; P =0.132). In support of our proposed mech-
anism, we find that perceptions of supply sufficiency mediate both
effects of altruistic donation (directed: B=-0.091; SE=0.016; P<
0.001; nondirected: B=-0.052, SE = 0.016; P=0.001). Figure 3 illus-
trates the findings of this internal meta-mediation analysis. In
sum, these findings further support the proposed mechanism based
on supply sufficiency and rule out reputation concerns and injunct-
ive social norms as alternative explanations.

Study 5: experimental manipulation
of default policy and organ shortages

Study 5 explores whether providing a more realistic preview of the
effectiveness of the opt-out default policy attenuates the
crowding-out effect on living organ donations and further ex-
plores the relative contributions of the supply sufficiency and in-
junctive norms mechanisms. We conducted a randomized
one-way (at three levels) experiment: (i) a standard preview condi-
tion in which we did not add any further information; (ii) a realistic
preview condition based on the insights from the epidemiological
study highlighting that an opt-out policy will not solve the organ
shortage problem; and (iii) an optimistic preview that aligns
with policymaker’s usual advocacy for the opt-out default. We hy-
pothesized that supply sufficiency will be lower under the realistic
opt-out version than both the opt-out and optimistic opt-out con-
ditions, indirectly increasing people’s willingness to make a living
altruistic donation.

To enhance realism in this study, we took advantage of an up-
coming policy change to an opt-out default in Switzerland in 2026.
We ran the study a year ahead of the planned policy change. We
briefed participants about the current opt-in policy, including in-
formation on current registration rates (23%) and organ shortages
(2-3 years waiting time for a kidney). Participants were asked to
imagine that the opt-out policy was already in place and to re-
spond to the same dependent variables and covariate as in the
previous studies. We also asked participants whether they voted
for or against the implementation of the opt-out policy, as this
was decided in a public vote in May 2022. We collected data
from 1,225 participants from Switzerland with representative
demographic profiles (49% female; Mage = 43.86, SD = 14.47).
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Fig. 3. Opt-out policy reduces willingness to make altruistic living organ donation by increasing perceived sufficiency of organ supply (studies 2-5). A
cross-country comparison (A) and three randomized experiments (B-D) show that perceived sufficiency of organ supply is higher under opt-out than
under opt-in. Plots in A-D show conditional effects on perceived supply sufficiency when all covariates are at their mean. Panel E illustrates the results of
an internal meta-mediation analysis using pooled data from Studies 2 to 4. We used a simplified mediation model only comparing congruent policy and
registration rates (i.e. opt-out, high% vs. opt-in, low%). Familial =living donation to a core family member (e.g. sibling, spouse); dir.altruistic = directed
living donation to a friend, distant relative or acquaintance; non-dir.altruistic = nondirected living donation to a stranger. Error bars represent 95% Cls of
these effects. Significance levels of differences: * P <0.05, * P <0.01, ** P < 0.001.

Consistent with our predictions, the realistic opt-out preview is reduced policy effectiveness (B=-0.701, SE=0.088, P<0.001),
associated with significantly lower expectations of registration and reduced perceived supply sufficiency (B=-0.401, SE=0.075,
rates for a deceased donation (B=-8.553, SE=1.418, P<0.001), P <0.001) compared with the standard and optimistic conditions.
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Injunctive social norms were not significantly different across
conditions (B=0.020, SE=0.077, P=0.795). Notably, the standard
and optimistic preview opt-out conditions did not differ signifi-
cantly in terms of registration rates (B=-1.541, SE=1.562,
P = 0.324), policy effectiveness (B=-0.093, SE=0.090, P =0.304),
supply sufficiency (B=-0.149, SE=0.091, P=0.101), and injunct-
ive social norms (B=-0.083, SE=0.092, P=0.364). This finding
shows that people tend to have an overly optimistic view of the ef-
fectiveness of the opt-out policy, but this belief can be corrected
with a more realistic preview.

Parallel mediation analysis shows a significant indirect effect of
realistic preview (vs. standard and optimistic) on willingness to
make an altruistic donation via perceived supply sufficiency
(directed: B=0.075, SE=0.019, P<0.001; nondirected: B=0.061,
SE=0.017, P<0.001). Thus, the realistic preview reduces per-
ceived supply sufficiency compared with the baseline and opti-
mistic opt-out conditions, thereby indirectly increasing
willingness to be a living organ donor. There were no indirect
effects via injunctive norms (directed: B=0.002, SE=0.009,
P =0.795; nondirected: B = 0.002, SE=0.008, P=0.796).

In sum, study 5 shows that when we focus just on opt-out (with
no comparison with opt-in) but vary the information on its effect-
iveness (baseline, optimistic, and realistic), we see again that sup-
ply sufficiency is the key mechanism that is sensitive to the
effectiveness of opt-out. Also, the findings show that, all things
being equal, people perceive the opt-out policy in an overly opti-
mistic way.

Discussion

Our findings show that opt-out default policies effectively nudge
individuals toward more socially desirable behaviors but can
also have unintended negative consequences. We provide evi-
dence that opt-out defaults can have a crowding-out effect on re-
lated behaviors not targeted by the intervention, substantially
diminishing the overall intended welfare gains. Specifically, we
show that across countries that adopted an opt-out policy for de-
ceased organ donation over the past 20-25 years, there was only a
marginal average increase in deceased donors (+1.21 pmp, +7%,
not significant), but a significant decrease in average annual living
donors (—4.59 pmp, —29%). We find consistent evidence across our
studies that this crowding-out effect on living organ donors is
driven by a reduction in altruistic (vs. kinship) donations and is at-
tributable, in part, to people being more likely to perceive that
supply sufficiency meets that demand under an opt-out. Other po-
tential mechanisms, based on reputation building and injunctive
norms, also played a role but were not as central for explaining the
crowding-out effect as the proposed supply sufficiency mechan-
ism (Table 2).

This shift in the perception of supply sufficiency has implica-
tions for many key endeavors where individual cooperation at a
societal level is necessary to achieve the public good. For example,
while opt-out defaults have been reported to increase uptake of
influenza vaccinations (46, 47), our findings suggest they may
also decrease attention to nontargeted but related risk-mitigation
behaviors, such as social distancing or hygiene practices.
Similarly, while opt-out defaults have been shown to increase do-
mestic green energy use (48), they may also reduce engagement in
other pro-environmental behaviors, such as recycling or reduced
air travel. While such crowding-out effects have been discussed as
a within-person phenomenon—arising from individuals’ own
adoption of a sustainable behavior (49)—our research suggests
that behavioral interventions, like opt-out defaults, might also

trigger them. This highlights the importance of looking beyond
direct effects on the target behavior to fully understand the broad-
er welfare implications of such policies.

Our findings, therefore, tie in with recently emerging research
on the unintended consequences of default nudges, showing
that the effects of automatic enrollment in retirement saving
plans can lead to increases in household debt (29) and that asking
people about their support for, or exposing them to, an opt-out de-
fault policy for green energy usage can reduce their support for re-
lated system-level policies (28, 50). We add to these emerging
studies by providing evidence of crowding-out effects in the con-
text of high-cost prosocial behavior.

Our work also complements prior work on organ donation de-
faults, which has reported differences in rates of living and de-
ceased organ donors between countries with opt-in and opt-out
default policies (13, 14, 51). We extend these findings by providing
quasi-experimental evidence on how transitioning from an opt-in
to an opt-out policy impacts donor rates. Moreover, we provide in-
sights into a boundary condition of the crowding-out effect, such
that default nudges only affect altruistic donations (e.g. to strang-
ers, acquaintances) but not kinship-based donations (i.e. family
members), and identify an underlying mechanism based on the
perception of the supply sufficiency of a public good.

From a theoretical perspective, our findings also complement
existing models of human cooperation by offering more insights
into how high-cost cooperative decision-making depends on the
availability of a low-cost resource and recipient kinship (23). We
extend these models by showing that perceived uptake in the
availability of a low-cost resource (i.e. deceased donor organs)
driven by a change in the opt-out default can crowd out more cost-
ly cooperative behaviors (i.e. becoming a living organ donor), but
this only applies for altruistic not kinship-based cooperative be-
havior. Interestingly, although helping a distant relative offers in-
clusive fitness benefits over helping a stranger (21, 52), these
benefits do not ensure cooperation when the perceived supply
for a high-cost cooperative act can be met through another
means. This provides new insights into human cooperation and
is essential when policies or campaigns are designed to alter the
availability of a public good.

Our study also reveals a dilemma for policymakers wishing to
promote organ donation by introducing an opt-out default policy,
as the smallincrease in deceased donors is roughly offset by a sub-
stantial decreasein living donors. This has potential health conse-
quences as a kidney from a living donor (compared with a
deceased donor) results in significantly higher quality of life (34)
and patient survival rates (35, 36). So, for any policy switch to an
opt-out default, strategies are needed to mitigate the loss of living
donors (27).

One-way forward might be to be more open about the effective-
ness of opt-out to meet the demand for organs and, based on ac-
tual evidence, communicate that a 10-20% increase in organs
can be expected, which is clinically significant, but not to see opt-
out as a panacea to the supply problem. Also, it should be made
clear thatliving organ donors are still needed—a major communi-
cation task for policymakers. By identifying perceived supply suf-
ficiency as the key underlying mechanism for the crowding-out
effects, we provide a theoretical basis for policymakers to develop
further communication strategies to contribute to the promotion
of altruistic donations under opt-out policies.

There are limitations to our studies. The experimental studies
were conducted in the Global North, and generalizability to wider
cultural groups and ethnicities is limited (53). However, the
change to an opt-out organ donation policy, compared with an
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opt-in policy, results in a reduction in living organ donors ob-
served across the world. Thus, the behavioral phenomena do
seem to generalize, and as such, the proposed supply-demand
mechanism should also generalize. While our experimental stud-
ies focused on the reported willingness to donate, the pattern of
results observed for willingness mirrored actual behavioral data;
as such, we have confidence that the willingness data reflects be-
havior. We are not aware of any global database that provides dis-
aggregated data on altruistic vs. kinship donations, but including
this distinction in the reporting of organ statistics would help fu-
ture research to gain more nuanced insights into behavior.

Materials and methods
Ethics and preregistration

This research complies with the Declaration of Helsinki (2023) for
human subject research. Study 1 used fully anonymized, publicly
available aggregate data and did not require ethical approval.
Studies 2 and 3 were approved by the Research Ethics and Data
Management Committee of the Tilburg School of Humanities and
Digital Sciences (REDC #2019/110, 2019 November 19). Studies 4
and 5 received approval from the Ethics and Data Management
Committee of the University of Hamburg Business School (2024
December 6). We preregistered the hypotheses and methods for
studies 2 and 3 (https:/osf.io/s4zv6), study 4 (https:/osf.io/tych7),
and study 5 (https:/osf.io/eb84s). Deviations from the preregistra-
tion are detailed in Tables S7.1 and S7.2.

Methods—study 1
Sampling procedure and data sources

The basis for our sampling was countries that contributed nation-
al organ donor statistics to IRODaT, a publicly accessible database
reviewed by a network of experts (30). Additional data for each of
the four UK countries was sourced from annual NHSBT reports
(31). We collected data on actual deceased and living organ donor
rates per million population. The period of investigation was de-
termined by data availability considerations, as there was only
limited data before 2000 and many countries did not yet submit
data after 2023 at the time of data collection. We excluded all
countries that (i) already relied on opt-out in the first year of study
period or before, (ii) switched to opt-out in the last year of study
period, (iii) changed their default consent legislation from opt-in
to opt-out and back during the study period, (iv) introduced opt-
out only for special cases, e.g. for victims of violent death or cer-
tain parts of the country, (v) had <1 million inhabitants, (vi) had
>50% missing data for living or deceased donor rates, and (vii)
had missing data in the final 5 years of the study period. In sum,
24 countries met all inclusion criteria and could be used for data
analysis (Fig. S1.1 and Table S1.1).

In the final sample, some data points were missing due to gaps
in reporting (Fig. S1.2). To address thisissue, we used the multiple
imputation approach implemented in Amelia II (54). This algo-
rithm specifically accounts for the panel structure of the data
and jointly imputes missing values using leads and lags of both lo-
g(living donations pmp) and log(deceased donations pmp), as well
as log(road traffic accident rates) and a squared time trend.
Logarithmic transformations were applied solely during imput-
ation to satisfy the assumption of multivariate normality and
were reverted to level values for subsequent difference-in-
differences estimation. Furthermore, observations are assumed
to be missing at random, meaning that the probability of a data
point being missing solely depends on the observed data.

Analytical approach

To quantify the effect of adopting an opt-out policy, we applied
the difference-in-differences estimator developed by Callaway
and Sant’Anna, which accommodates staggered treatment adop-
tion (19). Their estimator isolates the treatment effect of opt-in
adoption by comparing variations in adopting countries around
the time of adoption with analogous countries that retain an
opt-in policy. This approach identifies the treatment effect by
comparing temporal changes in countries that adopted opt-out
policies with contemporaneous changes in countries that re-
tained opt-in policies. It explicitly accounts for variation in adop-
tion timing and allows treatment effects to differ across both time
and cohorts. As with standard difference-in-differences models,
identification relies on the assumption that, in the absence of pol-
icy change, the difference in donation rates between treated and
untreated countries would have remained constant (the “parallel
trends” assumption). We adopted a relaxed version of this as-
sumption, requiring parallel trends conditional on covariates.
We further allowed for anticipation effects of up to 3 years, reflect-
ing the typical lag between policy announcement and implemen-
tation. During this period, the parallel trends assumption is also
assumed to hold absent the policy announcement. Standard er-
rors are adjusted for multiple imputations, as outlined by
Honaker et al. (54).

All analyses were conducted in R (v4.3.0) (55) using the Amelia II
package (v1.8.1) for imputation (54) and the did package (V2.1.2)
for estimating the difference-in-differences models (19). The raw
time series can be found in Supplementary File S1.

Robustness checks

We conducted three types of robustness checks to assess the sta-
bility of the results. First, we re-ran the model without imputed
data. Second, we used a more conservative sample selection, by
excluding countries that have further switched to a “hard” opt-out
policy after the initial soft opt-out adoption, in which the possibil-
ity of family objections limited (i.e. Slovak Republic in 2017 and
Argentina in 2018). Third, we also estimated a model in which
we exclude the COVID years (2020-2023) for each of the previous
sampling approaches to make sure that these years did not bias
our results in any way. All checks confirmed the directional pat-
tern of results from the main study (see Supplementary File S1,
Robustness Checks).

Methods—study 2

Sampling and participants

We conducted an online survey using Unipark (www.unipark.
com) and recruited participants through a professional panel pro-
vider (https:/respondi.com). Our preregistered target was 200 re-
spondents per country; the final sample comprised 435 adults
from Germany (n=210) and Austria (n=225), with demographic
quotas representative of age and gender (Nggr=210; NaT =225;
49% female; Mage =44.17; SD =15.06). Participants were compen-
sated via a point-based reward system and provided informed
consent.

Study design

Participants first received country-specific information on organ
donation defaults and registration rates (Table S2.1). German par-
ticipants were informed of their country’s opt-in system and the
2019 registration rate of ~36% (56), while Austrian participants
learned about their opt-out system and the ~99.5% presumed
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consent rate (57). Participants then received information on the
procedure and consequences of making a living organ donation.

Dependent variables

Participants read a scenario in which someone requires a kidney
or liver lobe transplant and were asked to rate their willingness
to donate to various recipients (close family, distant relatives,
friends, acquaintances, and strangers) on 7-point Likert scales.
To prevent order effects, the display of the different recipient
types was randomized across participants. Responses were aver-
aged across organs to form composite scores for each recipient
type (Table S2.1).

Mediators and covariates

Subsequent items assessed perceptions of organ supply suffi-
ciency (e.g. “I think that the need for organs is already sufficiently
covered by the number of existing donors” (37)) and prosocial
reputation motives (e.g. “Donating organs gives me social approv-
al” (38)) on 7-point Likert scales, with randomization of item order.
Participants then completed covariate items, demographic ques-
tions, and a debrief (Table S2.1). Descriptive statistics and correla-
tions are in Table S2.2.

Analytical approach

We employed a path modeling approach to estimate all relation-
ships simultaneously (58) and estimated the models using MPlus
v8.9 with a robust maximum likelihood estimator (59). We used
a factor analysis to ensure that all measures meet reliability and
validity criteria (Table S2.1). Full results are presented in Tables
$2.3-52.5, with visualizations in Figs. S2.1 and S2.2.

Study 3—methods

Sampling and participants

We conducted an online experiment using Unipark (www.
unipark.com) and recruited participants via a professional panel
provider (https:/respondi.com) in Germany and Austria. Our pre-
registered target was 200 participants per condition in each coun-
try. Slight oversampling by the panel provider yielded a total of
1,721 adults with demographic quotas representative of age and
gender (49% female; Mage =44.28, SD=14.85). Participants re-
ceived compensation via a redeemable points system and pro-
vided informed consent.

Study design

We employed a 2 x 2 between-subjects design, manipulating the
default policy (opt-in vs. opt-out) and the proportion of registered
deceased organ donors (15% vs. 85%) as a proxy for organ supply.
Participants were asked to imagine living in a country character-
ized by one of the resulting four conditions (Table S3.1) and then
received information on the procedure and consequences of mak-
ing a living organ donation. Group-level descriptive statistics are
presented in Table S3.2.

Dependent variables

Participants rated their willingness to make a living donation of a
kidney or liver lobe to five recipient types (close family, distant rel-
atives, close friend, acquaintance, and stranger), using the same
measures as in study 2. Ratings for both organs were averaged
to form composite scores per recipient category.

Mediators and covariates

We included the same measures for the mediators—perceptions of
supply sufficiency and reputation gains—along with the same cova-
riates as in study 2 (Table S3.1). We added country (0 =Germany;
1= Austria) as an additional covariate in the model to adjust for na-
tional differences.

Analytical approach

We verified reliability and validity of all multi-item measures via
factor analysis; all scales met standard criteria (Table S3.1). We
used path modeling to estimate relationships simultaneously
(58), with robust maximum likelihood estimation implemented
in MPlus v8.9 (59). Complete model results are provided in
Tables S3.3-53.5, with visual summaries in Figs. S3.1 and S3.2.

Study 4—methods

Sampling and participants

We conducted an online survey using Qualtrics (www.qualtrics.
com) and recruited participants residing in Germany through a
professional panel provider (www.bilendi.de). Participants were
compensated for their time. The preregistered sample size was
400 participants per condition (n=1,600). The final sample
comprised 1,582 adults with demographic characteristics repre-
sentative of the German population (49% female; Mage =45.23,
SD = 14.57). All participants provided informed consent.

Study design

We conducted a randomized experiment employing a 2 (default
with congruent registration rates: opt-in with 40% vs. opt-out
with 99%) x 2 (shortages: present vs. absent) between-subjects de-
sign. The manipulations were embedded in an immersive scen-
ario (Table S4.1), based on recent registration data from
Germany and Austria to enhance realism.

Dependent variables

We used the same measures as in studies 2 and 3 to capture par-
ticipants’ willingness to make a living kidney donation for a close
family member, a remote relative, a close friend, an acquaintance,
and a stranger. We counterbalanced the order of appearance of
these questions.

Mediators and covariates

Participants next rated their perceptions of supply sufficiency, as
in studies 2 and 3. We further measured injunctive social norm to-
ward deceased organ donation as an alternative mechanism (e.g.
“IT'would feel that I should also be an organ donor after my death”
(60)) on a 7-point Likert scale. All measures and descriptive statis-
tics are reported in Tables S4.1 and S4.2.

Analytical approach

All multi-item measures were found to be reliable and valid
(Table S4.1). We used path modeling with robust maximum likeli-
hood estimation in MPlus v8.9 (59), including all preregistered cova-
riates. Full model results are provided in Tables S4.3 and S4.4, and
visualizations in Figs. S4.1 and S4.2. The internal meta-mediation
analysis pooling data from studies 2 to 4 is presented in Table S6.1.

Power calculations

Based on effect sizes from study 3 (Cohen’s d ~ 0.13), a power ana-
lysis for a 2 x 2 between-subjects design (o =0.05, power = 0.80) in-
dicated a required sample of 1,600 participants (400 per condition).
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Study 5—methods

Sampling and participants

We conducted an online survey using Qualtrics (www.qualtrics.
com) and recruited participants residing in Switzerland via a pro-
fessional panel provider (www.bilendi.de). Participants received
monetary compensation. Our preregistered sample size was 400
participants per condition (n=1,200). The final sample included
1,225 adults with representative demographics (49% female;
Mage =43.86, SD=14.47). All participants provided informed
consent.

Study design

We conducted a randomized between-subjects experiment ma-
nipulating the communicated effectiveness of the opt-out default
policy at three levels: (i) baseline—no information provided,; (ii) real-
istic preview—highlighting limited policy effectiveness based on
our epidemiological findings; and (iii) optimistic preview—empha-
sizing opt-out as the most effective policy to address organ short-
ages, reflecting typical policymaker framing (Table S5.1).

Dependent variables

As in studies 2-4, we measured willingness to donate a kidney to
five recipient types (close family, distant relative, close friend, ac-
quaintance, and stranger). We counterbalanced the order of
questions.

Mediators and covariates

Participants then completed measures assessing perceptions of
supply sufficiency and injunctive social norms toward deceased
donation, using the same items as in study 4. Descriptive statistics
by condition are presented in Table S5.2.

Analytical approach

All multi-item scales demonstrated acceptable reliability and val-
idity (Table S5.1). We estimated all relationships simultaneously
using path modeling with robust maximum likelihood estimation
in MPlus v8.9 (59), including all preregistered covariates. Detailed
results are reported in Table S5.3, with visualizations in Figs. S5.1-
S5.3.

Power calculations

Based on prior effect sizes (Cohen’s d ~0.13 from studies 2 and 3),
we conducted a power analysis for a one-factorial between-subjects
design with three groups. To achieve 80% power (a=0.05), the re-
quired sample was 1,200 participants (400 per group).
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