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Abstract

People believe they should consider how their behavior might negatively impact other people, Yet their behavior often increases
others’ health risks. This creates challenges for managing public health crises like the COVID-19 pandemic. We examined a procedure
wherein people reflect on their personal criteria regarding how their behavior impacts others’ health risks. We expected structured
reflection to increase people’s intentions and decisions to reduce others’ health risks. Structured reflection increases attention to
others’ health risks and the correspondence between people’s personal criteria and behavioral intentions. In four experiments during
COVID-19, people (N = 12,995) reported their personal criteria about how much specific attributes, including the impact on others’
health risks, should influence their behavior. Compared with control conditions, people who engaged in structured reflection reported
greater intentions to reduce business capacity (experiment 1) and avoid large social gatherings (experiments 2 and 3). They also
donated more to provide vaccines to refugees (experiment 4). These effects emerged across seven countries that varied in collectivism
and COVID-19 case rates (experiments 1 and 2). Structured reflection was distinct from instructions to carefully deliberate (experiment
3). Structured reflection increased the correlation between personal criteria and behavioral intentions (experiments 1 and 3). And
structured reflection increased donations more among people who scored lower in cognitive reflection compared with those who
scored higher in cognitive reflection (experiment 4). These findings suggest that structured reflection can effectively increase behaviors
to reduce public health risks.

Keywords: COVID-19, decision making, boost, nudge, structured reflection

Significance Statement:

Addressing societal challenges like the COVID-19 pandemic requires the public to voluntarily behave in ways that minimize other
people’s risks. The results of four experiments with participants from seven countries demonstrated that people are more inclined
to reduce other people’s COVID-19 risks after reflecting on their personal beliefs about how much such considerations should
influence their behavior. These findings suggest that communication during public health crises can be effectively structured to
encourage behaviors that minimize public health risks.

Introduction
Addressing societal challenges, from climate change to pan-
demics, requires voluntary behaviors to minimize others’ risks.
Although most people believe they should consider whether their

behavior might negatively impact others, people often behave
in ways that increase others’ health risks. During the COVID-19
pandemic, for example, public health guidance advised people
to limit social contact. Although people generally endorsed such
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guidelines, adherence was often limited (1). Intentions influence
behavior (2, 3), so it is important to examine procedures to in-
crease people’s intentions to minimize others’ health risks, con-
sistent with their personal beliefs.

We suggest that a procedure of structured reflection on per-
sonal criteria increases people’s intentions and decisions to re-
duce others’ health risks. This is because people are typically
inattentive to public health risks and the consistency between
their personal criteria and their behaviors. Structured reflection
reduces inattention.

Underweighting public health risks
People’s intentions and behaviors, like other preferences, are con-
structed, in part, by the context in which they report them (4–6).
Contextual factors can focus attention on prominent attributes,
leading people to underweight nonfocal attributes—even when,
upon reflection, they believe that those attributes are at least as
important (7–12). Because personal consequences are typically fo-
cal (13–17), people weigh them more than the nonfocal conse-
quences of their behavior for other people.

Consider the decision to attend a large gathering during the
COVID-19 pandemic. Even though people might think it is impor-
tant to minimize the risk of spreading disease, their desire to so-
cialize with others may be more prominent, increasing intentions
to socialize despite the health risks imposed on other people. Peo-
ple may therefore underweight public health risks relative to their
personal criteria when forming intentions and making decisions.

Structured reflection on personal criteria
We propose that a procedure of structured reflection on personal
criteria increases people’s intentions to reduce others’ health
risks. Oxford Languages defines a criterion as “a principle or stan-
dard by which something may be judged or decided.” Personal cri-
teria are personal principles and standards about how much spe-
cific attributes should influence behavior (18–22). Reflection en-
tails serious thought and consideration of those criteria, similar
to the self-reflection on cognitive processes (23, 24), past experi-
ences (25), and personal values (26) that can influence judgments
and decisions. The proposed procedure provides structure by ask-
ing people to reflect on their criteria about predefined attributes,
such as how their behavior impacts others’ health risks. Providing
structure is an important component of decision analysis because
it requires people to evaluate multiple attributes (27, 28). Struc-
tured reflection thus leads people to construe their intentions and
behaviors relative to their personal criteria (29, 30).

Structured reflection on personal criteria operates through at
least two processes. First, it increases attention to public health
risks, which directly increases their weight (31–36). Second, struc-
tured reflection increases awareness of the consistency between
personal criteria and behavior (28). People are motivated to main-
tain consistency (31–36), so such awareness prompts people to
change behavior to align with their personal criteria. And because
most people believe they should not impose risks on others (37–
39), structured reflection should increase intentions to reduce oth-
ers’ risks.

Cross-country comparisons
Experiments 1 and 2 included national samples from seven coun-
tries (Supplementary Material Table S1). We selected these coun-
tries to increase generalizability (40–42) by examining a range of
cultures and pandemic policies. Structured reflection might have
a larger effect in more individualistic cultures, for example, where

people are more motivated to maintain consistency (43–47). And
structured reflection might have a larger effect in countries with
less stringent COVID-19 policies, where voluntary behavioral in-
tentions are most relevant.

Overview of experiments
Participants considered scenarios reflecting tradeoffs between
two attributes. One nonfocal attribute involved considerations of
other people’s health risks. The other, more focal attribute dif-
fered across experiments. Experiments 1 and 4 involved tradeoffs
between minimizing others’ risks and economic benefits. Exper-
iment 2 involved personal risks (as opposed to others’ risks) of
COVID-19. Experiment 3 involved friends’ and family’s enjoyment
of a social gathering. The correlations between personal criteria
varied across experiments 1 to 4 (0.07, 0.74, −0.12, and 0.36, re-
spectively), allowing comparison of structured reflection on both
correlated and uncorrelated criteria.

We randomly assigned people to reflect on their personal cri-
teria, either before or after reporting their intentions or decisions.
We hypothesized that structured reflection would increase inten-
tions and decisions that reduce other people’s COVID-19 risk.

Results: experiment 1: reducing restaurant
capacity
Participants (N = 6,188) imagined that they owned a small restau-
rant business and were considering reducing capacity by 50% to
minimize the spread of COVID-19. However, reducing capacity
would also result in significant income loss. We conducted the
experiment in August 2020, following the first large wave of the
pandemic, when many countries were easing restrictions on eco-
nomic activity and before vaccinations were available. In the con-
trol condition, participants stated their intention to reduce ca-
pacity directly after reading the scenario (1 = Extremely unlikely;
7 = Extremely likely). In the structured reflection condition, partic-
ipants first reported how much (1 = Not at all; 7 = Very much) they
believed that two attributes should influence their decision: the
risk that COVID-19 would spread to other people and the eco-
nomic losses from reducing capacity. Participants in the control
condition reported their criteria after reporting their intentions.

Participants reported that the risk of spreading COVID-19
(M = 5.09, SD = 1.55) should influence their decisions more than
economic losses (M = 4.17, SD = 1.64; B = −0.91, SE = 0.19, CI =
[−1.28, −0.53], P = 0.003). The two criterion ratings were slightly
correlated ( r = 0.07, P < 0.001) and the difference did not differ
significantly between conditions (B = −0.03, SE = 0.05, CI = [−0.13,
0.08], P = 0.621).

As predicted, when we categorized intentions relative to the
scale midpoint, participants in the structured reflection condi-
tion were more likely to report intentions to reduce capacity (72%)
compared with the control condition (65%; B = 0.33, SE = 0.10,
OR = 1.39, CI = [1.14, 1.69], P = 0.001, Supplementary Material
Table S3). Using a mixed effect model with random intercepts for
country, we regressed continuous ratings of intentions to reduce
capacity on condition (control = - 1

2 and structured reflection =
1
2 ), ratings of each personal criteria (grand mean-centered), and
interactions between condition and each criterion. Participants in
the structured reflection condition intended to reduce business
capacity ( M = 5.19, SD = 1.64) more than did participants in the
control condition (M = 4.91, SD = 1.73; B = 0.26, SE = 0.07, CI =
[0.11, 0.40], P = 0.014, Supplemenatry Material Table S4).
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There was also a significant interaction between condi-
tion and personal criteria of reducing the risk of spreading
COVID-19 (B = 0.08, SE = 0.02, CI = [0.03, 0.13], P = 0.001), which
more strongly predicted intention to reduce capacity in the struc-
tured reflection condition (B = 0.55, SE = 0.02, CI = [0.51, 0.58],
P < 0.001) than in the control condition (B = 0.47, SE = 0.02, CI
= [0.43, 0.50], P < 0.001). There was an analogous interaction be-
tween condition and personal criteria of economic considerations
(B = −0.05, SE = 0.02, CI = [−0.10, −0.01], P = 0.018), which more
strongly predicted intention to reduce capacity in the structured
reflection condition (B = −0.17, SE = 0.02, CI = [−0.20, −0.14],
P < 0.001) than in the control condition (B = −0.11, SE = 0.02, CI
= [−0.15, −0.08], P < 0.001). Structured reflection thus increased
intentions to reduce business capacity and increased the correla-
tion between intentions and personal criteria.

Results: experiment 2: attending a social
gathering
People weigh prominent personal risks more than less prominent
risks their behavior imposes on other people (13–17, 48–50). The
societal costs of such weighting can be devastating even if per-
sonal risks are low, as when a modest percentage increase in
COVID-19 hospitalizations overwhelms medical systems. Further-
more, COVID-19’s aerosol spread meant that social contact posed
risks to many more people than oneself (51–53). Structured reflec-
tion on personal criteria might therefore reduce intentions to at-
tend a large social gathering when considering the COVID-19 risks
imposed on other people.

In 2020 August, we asked participants (from the same cross-
country sample, who did not complete experiment 1, N = 6,035)
whether they would cancel their plans to attend a gathering with
50 friends following months of social isolation. They read that
the local government cautioned against meeting in groups greater
than 10 to minimize the spread of COVID-19. Participants in the
control condition reported the likelihood they would attend the
gathering (1 = Extremely unlikely; 7 = Extremely likely). Before report-
ing their likelihood, participants in the structured reflection con-
dition reported their personal criteria about how much (1 = Not at
all; 7 = Very much) two attributes should influence their decision:
the possibility of spreading COVID-19 to others and the possibil-
ity of personally experiencing severe symptoms. Control condition
participants reported their criteria after reporting intentions.

Participants reported that both the risk of spreading COVID-
19 (M = 5.36 and SD = 1.77) and the threat of experiencing se-
vere symptoms (M = 5.26 , SD = 1.80) should influence their deci-
sion. The two ratings were strongly positively correlated (r = 0.74,
P < 0.001). Neither rating differed across condition (spreading
COVID-19, B = 0.07, SE = 0.07, CI = [−0.06, 0.20], P = 0.349; per-
sonal symptoms, B = 0.12, SE = 0.06, CI = [−0.01, 0.24], P = 0.123).

As predicted, when intentions were categorized relative to the
scale midpoint, participants in the structured reflection condition
were more likely to say they would not attend the gathering (72%)
compared with the control condition (67%; B = 0.22, SE = 0.06,
OR = 1.24, CI = [1.11, 1.39], P < 0.001, Supplementary Material Ta-
ble S6). Using a mixed effects model with random intercepts for
country, we regressed continuous intentions on condition (control
= - 1

2 and structured reflection = 1
2 ), ratings of each personal crite-

ria (grand mean-centered), and the interactions. As predicted, par-
ticipants in the structured reflection condition had lower inten-
tions to attend the gathering (M = 2.55, SD = 1.81) compared with
the control condition (M = 2.82, SD = 1.95; B = −0.20, SE = 0.04,

CI = [−0.29, −0.12], P < 0.008, Supplemenatry Material Table S7).
Structured reflection thus increased intentions to cancel a social
gathering to minimize the risk of spreading COVID-19.

Participants’ intentions to attend the gathering were predicted
both by their criteria regarding spreading COVID-19 (B = −0.32,
SE = 0.02, CI = [−0.36 , −0.28], P < 0.001) and regarding personal
symptoms (B = −0.17, SE = 0.02, CI = [−0.20, −0.13], P < 0.001).
Unlike experiments 1 and 3, however, these correlations did not
differ significantly across condition (risk of spreading interaction,
B = −0.06, SE = 0.04, CI = [−0.13, 0.01], P = 0.083; symptom severity
interaction, B = 0.02, SE = 0.04, CI = [−0.05, 0.09], P = 0.521). The
absence of a significant interaction might be because the crite-
ria were strongly correlated, and people have difficulty assigning
different decision weights to correlated cues (54).

Results: cross-country comparisons in
experiment 1 and experiment 2
Because we conducted our experiments in seven countries, we
explored cross-country differences in the relationships between
structured reflection, personal criteria, and behavioral intentions.
First, we re-estimated the primary mixed effects models for
both experiments, including as fixed effect predictors country-
level collectivism (as measured by Hofstede’s Cultural Dimen-
sions model, with higher numbers indicating greater individual-
ism, see the Supplementary Material Table S2; MExperiment1 = 63.41,
SDExperiment1 = 23.30; MExperiment2 = 63.65, and SDExperiment2 = 22.72)
along with interactions between individualism and structured re-
flection effects. Consistent with the notion that individualism is
associated with greater motivation for consistency, the relation-
ship between behavioral intentions and personal criteria to mini-
mize others’ COVID-19 risk was larger in countries with relatively
higher levels of individualism (grand mean-centered, experiment
1 interaction: B = 0.003, SE = 0.001, CI = [0.002, 0.004], P < 0.001;
experiment 2 interaction: B = −0.005, SE = 0.001, CI = [−0.007,
−0.004], P < 0.001, Supplementary Material Tables S5 and S8).
Country-level individualism did not, however, moderate the effect
of structured reflection on intentions (experiment 1 interaction,
B = 0.000, SE = 0.003, CI = [−0.007 , 0.007], P = 0.986; experiment 2
interaction, B = −0.000, SE = 0.002, CI = [−0.005, 0.005], P = 0.959).

Second, we explored whether the effects differed significantly
across countries. We reanalyzed the data from experiments 1 and
2, with fixed effects for country (Fig. 1). There was minimal cross-
country variation, except for Israel, which emerged as the only
consistently different country, exhibiting larger effects of struc-
tured reflection (experiment 1 B = 0.41, SE = 0.10, CI = [0.22 , 0.60],
P < 0.001; experiment 2 B = −0.23, SE = 0.11, CI = [−0.44, −0.03],
P = 0.026). At the time of the experiments, Israel had fewer re-
strictions and lower reported COVID-19 death and hospitalization
rates than other countries (Supplementary Material Table S1). Is-
raeli participants may therefore have been more tolerant of risky
behaviors, reflected by the intentions of Israeli participants in the
control conditions (Supplementary Material Table S2), and more
open to interventions that reduce risky behaviors. These findings
provide evidence for the cross-country generalizability of the find-
ing that structured reflection increases intentions to minimize
others’ health risks.

D
ow

nloaded from
 https://academ

ic.oup.com
/pnasnexus/article/1/5/pgac218/6747164 by guest on 26 N

ovem
ber 2022



4 | PNAS Nexus, 2022, Vol. 1, No. 5

Fig. 1. Estimated mean differences for each country for experiments 1 (reducing restaurant capacity; top panel) and 2 (intentions to attend a social
gathering; bottom panel). The x-axis represents the estimated mean difference between the structured reflection and control conditions. These results
come from regression models including condition, ratings of personal criteria, the interactions between condition and personal criteria, and the
interactions between this set of predictors and six codes representing country differences. For ease of interpretation, the effects in experiment 2 are
coded such that higher personal criteria indicate a greater reduction in intentions to attend a gathering. Vertical dashed lines represent point estimates
for the fixed effect of structured personal criteria analysis across countries. Horizontal lines represent 95% CIs around the estimated effect size.

Results: experiment 3: canceling a family
Thanksgiving holiday
We reason that structured reflection operates by increasing at-
tention to others’ health risks and the consistency between their
behavior and personal criteria. Alternatively, structured reflection
might prompt analytical deliberation (12, 55–60), which can lead
people to assign greater weight to otherwise underweighted at-
tributes. To address this alternative, we experimentally manipu-
lated instructions to engage in deliberation.

Shortly before the November 2020 Thanksgiving holiday in the
United States, participants (N = 2,420) considered whether to can-
cel a planned family gathering with more than 30 family mem-
bers. The scenario described two attributes, the risk of spread-
ing COVID-19 to others and the desire to socialize with family.
Participants randomized to the control condition reported their
intention to cancel the holiday (1 = Extremely unlikely; 7 = Ex-
tremely likely). Participants randomized to the deliberation condi-
tion were first asked to “consider your decision carefully and try
to generate clear reasons for why you should or should not can-
cel the Thanksgiving gathering.” Participants in the structured re-
flection condition were first asked to report how much (1 = Not
at all; 7 = Extremely) their decision should be influenced by “the
likelihood that COVID-19 may spread among family members”
and “the satisfaction of spending time with family members.”

Participants in the control and deliberation conditions reported
personal criteria after reporting their intentions to cancel the
gathering.

Participants reported that the risk of spreading COVID-19
(M = 5.44, SD = 1.90) should influence their decision to cancel
Thanksgiving more than the satisfaction of socializing (M = 4.03,
SD = 1.90; B = 1.40, SE = 0.06, CI = [1.29, 1.52], P < 0.001). This dif-
ference was significant in all conditions (all Ps < 0.001), although
it was larger in the structured reflection condition (Mdiff = 1.61,
SDdiff = 2.74) than in the other conditions (deliberation, Mdiff = 1.31,
SDdiff = 2.85; control, Mdiff = 1.30, SDdiff = 2.92; B = 0.31, SE = 0.12,
CI = [0.07 , 0.55], P = 0.012, Supplementary Material Table S9).
Because the regression analysis reported below includes criteria
ratings and their interactions, it controls for these condition differ-
ences. Ratings of the two criteria were somewhat negatively cor-
related (r = −0.12 , P < 0.001).

We categorized intentions relative to the midpoint. As pre-
dicted, participants in the structured reflection condition were
more likely to cancel the Thanksgiving holiday (65%) compared
with the deliberation and control conditions (each 60%; B = −0.21,
SE = 0.09, OR = 1.23, CI = [1.03, 1.47], P = 0.020, Supplementary
Material Table S10). We regressed continuous intentions on condi-
tion contrast codes and their interactions with each criteria rating
(grand mean-centered). Participants in the structured reflection
condition reported they were more likely to cancel the Thanks-
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giving gathering (M = 5.22, SD = 2.04) compared with the aver-
age of deliberation (M = 4.93, SD = 2.16) and control conditions
(M = 4.88, SD = 2.19; B = 0.15, SE = 0.06, CI = [0.03, 0.26], P = 0.015),
which were not significantly different from each other (B < 0.01,
SE = 0.07, CI = [−0.13, 0.14], P = 0.965, Supplementary Material
Table S11).

Structured reflection increased the consistency between per-
sonal criteria and intentions to cancel the holiday. There was an
interaction between the structured reflection condition contrast
and criteria of spreading COVID-19 (B = 0.11, SE = 0.03, CI = [0.05,
0.18], P < 0.001). The criteria of spreading COVID-19 predicted in-
tentions to cancel Thanksgiving more strongly in the structured
reflection condition (B = 0.91, SE = 0.03, CI = [0.86, 0.97], P < 0.001)
than in the average of deliberation (B = 0.77, SE = 0.02, CI = [0.72,
0.82], P < 0.001) and control conditions (B = 0.82, SE = 0.03, CI =
[0.77 , 0.88], P < 0.001), which did not differ from each other (B =
−0.05, SE = 0.04, CI = [−0.12, 0.02], P = 0.142). Criteria ratings of so-
cializing negatively predicted intentions to cancel the holiday (B =
−0.10, SE = 0.01, CI = [−0.13, −0.07], P < 0.001) but did not interact
with condition (structured reflection compared with deliberation
and control: B = −0.02, SE = 0.03, CI = [−0.08, 0.05], P = 0.610; delib-
eration compared with control: B = −0.03, SE = 0.04, CI = [−0.10,
0.04], P = 0.442). Structured reflection thus increased intentions
to cancel Thanksgiving, increasing consistency with personal cri-
teria that the risk of spreading COVID-19 should influence their
decisions.

Results: experiment 4: donating for
humanitarian vaccines
We tested whether structured reflection would influence nonhy-
pothetical decisions involving tradeoffs between personal bene-
fit and reducing others’ health risks. Experiments 1 to 3 included
purely hypothetical scenarios, which might have heightened the
influence of experimental demand and social desirability consid-
erations. Such concerns are diminished in decisions with financial
consequences.

To deepen understanding of underlying processes, we also ex-
amined whether individual differences in cognitive reflection (23,
24) would moderate the effect of structured reflection. We hy-
pothesize that structured reflection operates partly by prompting
people to reflect on their decisions and the consistency with their
personal criteria. This analysis implies that the manipulation of
structured reflection would have a smaller effect among people
with higher cognitive reflection scores, who are already predis-
posed to reflect.

Participants (N = 1,080) in March and April, 2022, learned that
they would be entered into a lottery for a $100 cash prize in ex-
change for completing a survey. We asked participants to decide
how much of their prize to donate to the International Rescue
Committee’s (IRC’s) COVID-19 vaccination campaign, keeping the
remainder as “personal economic relief funds.” The IRC is a non-
profit organization that provides COVID-19 vaccines to refugees
with limited access to medical care. Participants learned that ex-
perimenters would allocate the $100 as specified if they won the
lottery. We reminded participants they were not required to do-
nate any money and that donating would not affect their chances
of winning.

Participants randomized to the structured reflection condition
first indicated how much (1 = Not at all; 7 = Very much) they be-
lieved their decision should be influenced by the “impact of donat-
ing to the [IRC’s] vaccination campaign on reducing COVID-19 risk

among refugees” and “the economic benefit you would gain from
receiving this prize money for personal economic relief.” Partici-
pants in the control condition rated their personal criteria after
making their donation decision.

Participants reported that both reducing the COVID-19 risk
among refugees (M = 3.77, SD = 2.06) and their personal eco-
nomic relief (M = 3.86, SD = 2.06) should influence their donation
decision. The two criteria were moderately correlated (r = 0.36,
P < 0.001), were not significantly different from each other (B =
−0.06, SE = 0.10, CI = [−0.26, 0.13], P = 0.533), and the difference
did not vary by condition (B = −0.05, SE = 0.14, CI = [−0.33 , 0.22],
P = 0.700, Supplementary Material, Table S12).

As predicted, participants in the structured reflection condition
were more likely to donate (78%) than were participants in the
control condition (72%, B = 0.28, SE = 0.14, OR = 1.32, CI = [1.00,
1.75], P = 0.047, Supplementary Material Table S13). We regressed
the amount donated on condition (control = - 1

2 and structured
reflection = 1

2 ), ratings of each personal criteria (grand mean-
centered), and interactions between condition and each rating.
Participants in the structured reflection condition donated more
(M = $33.56, SD = $33.49) compared with the control condition
(M = $28.73, SD = $31.93; B = 3.71, SE = 1.62, CI = [0.53, 6.80],
P = 0.022). These results indicate that structured reflection on per-
sonal criteria leads people to make donations that reduce others’
health risks.

Participants’ donation decisions were predicted both by their
criteria about reducing the risk of COVID-19 among refugees
(B = 9.77, SE = 0.60, CI = [8.59, 10.94], P < 0.001) and personal eco-
nomic benefit (B = −2.99, SE = 0.60, CI = [−4.17, −1,81], P < 0.001).
These correlations did not significantly differ across condition
(refugee risk interaction: B = 0.26, SE = 0.84, CI = [−1.39, 1.92],
P = 0.753; personal benefit interaction: B = 0.44, SE = 0.85, CI =
[−1.22, 2.10], P = 0.606, Supplementary Material Table S14). As in
experiment 2 (and unlike experiments 1 and 3), the absence of an
interaction might be because the two criteria were positively cor-
related, and people have difficulty assigning different weights to
correlated cues (54).

Finally, cognitive reflection, measured with six items (M = 2.43,
SD = 1.88), moderated the effect of structured reflection (Fig. 2).
When added to the regression analyses above, cognitive reflection
scores predicted higher donations to provide COVID-19 vaccines
for refugees (B = 1.70, SE = 0.60, CI = [0.52, 2.87], P = 0.005). There
was also an interaction between cognitive reflection and condition
(B = −2.08, SE = 0.88, CI = [−3.78, −0.32], P = 0.020). Structured re-
flection increased donations among participants with lower cog-
nitive reflection scores (estimated at −1 SD, B = 7.35, SE = 2.32,
CI = [2.80, 11.91], P = 0.002) more than among participants with
higher cognitive reflection scores (estimated at + 1 SD, B = −0.34,
SE = 2.34, CI = [−4.94, 4.27], P = 0.886). Structured reflection on
personal criteria thus had more impact among those who were
not otherwise predisposed to engage in cognitive reflection.

Discussion
This research demonstrated that structured reflection on per-
sonal criteria increases intentions and decisions to minimize oth-
ers’ health risks. We suggest that structured reflection increases
attention to underweighted considerations of public health and
leads people to construe decisions relative to their personal cri-
teria. Consistent with this explanation, in experiments 1 and 3,
structured reflection increased the correlation between behav-
ioral intentions and reported personal criteria. Instructions to ef-
fortfully deliberate did not yield the same effect, suggesting that
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Fig. 2. Estimated effect of cognitive reflection score on donations (of up to $100) to the International Rescue Committee among participants
randomized to the control condition (solid line with dark gray shade) and to the structured reflection condition (dashed line with light gray shade).
Shaded regions represent 95% CIs around the estimates.

structured reflection differs from deliberation. And the effect of
structured reflection on donations was smaller among people who
scored higher on cognitive reflection and are more inclined to re-
flect of their own accord.

What other factors might moderate the effect of structured re-
flection on personal criteria? In exploratory analysis, we exam-
ined four potential moderators (see OSF for details: https://osf.
io/ewr7g/). In experiments 1 to 3, liberal political ideology and
trust in experts, including the World Health Organization and
Centers for Disease Control and Prevention, predicted greater in-
tentions to reduce others’ COVID-19 health risks. Neither mea-
sure consistently moderated the effect of structured reflection,
except for experiment 1, where the effect of structured reflec-
tion was smaller among more liberal respondents. This moder-
ation is attributable to a ceiling effect because relatively liberal
participants report greater intentions to reduce restaurant ca-
pacity and thus have less room for structured reflection to in-
crease such intentions. In experiment 4, trust in science (61) and
scientific literacy (62) were both associated with higher dona-
tions to provide COVID-19 vaccines. Scientific literacy (but not
trust in science) moderated the structured reflection effect (B =
−1.33, SE = 0.67, CI = [−2.65, −0.01], P = 0.049). When both cog-
nitive reflection and scientific literacy, which were strongly cor-
related (r = 0.41, P < 0.001), were included in the same regres-

sion analysis, the interaction effect of scientific literacy was sub-
stantially reduced and nonsignificant (B = −0.72, SE = 0.72, CI =
[−2.19, 0.73], P = 0.326) whereas the interaction effect of cogni-
tive reflection was modestly reduced and marginally significant
(B = −0.83, SE = 0.48, CI = [−1.77, 0.12], P = 0.086). These ex-
ploratory analyses suggest that individual differences in cognitive
reflection have a unique moderating effect on structured reflec-
tion.

How much are the effects of structured reflection due to exper-
imental demand and socially desirable responses? Such motives
undoubtedly contribute to the overall effect. Yet they are unlikely
to fully explain it. If demand and desirability influence reporting of
personal criteria, they do not readily explain why reporting crite-
ria beforehand would influence intentions or decisions. If demand
and desirability increase consistency, it is not clear why structured
reflection did not influence personal criteria in experiments 1, 2,
or 4, where people could have revised their personal criteria to
appear consistent. We sought to reduce demand and desirabil-
ity in experiment 4, reminding participants they might personally
need personal economic relief during the COVID-19 pandemic. Fi-
nally, demand and desirability do not readily explain why indi-
viduals who score relatively low in cognitive reflection are more
affected by structured reflection, a pattern consistent with our
explanation.
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These findings emerged across four scenarios and seven coun-
tries that varied in cultural values and pandemic policies, impli-
cating the robustness and generalizability of the findings (40, 41).
The effect of structured reflection was largest in Israel, a country
that had relatively low COVID-19 rates and few restrictions at the
time. An important question for future research is whether struc-
tured reflection would increase weight for others’ health risks in
countries with even greater cultural differences and pandemic
policies that are represented here. It may be that structured re-
flection would have less impact in contexts with severely restric-
tive lockdowns, such as Shanghai, where there is little room for
voluntarily restricting social contact, or in contexts with little or
no COVID-19 prevalence, such as New Zealand.

Another question for future research is whether structured re-
flection would have similar effects in scenarios with more com-
plex attribute structures. We designed the scenarios to reflect
tradeoffs between imposing health risks on other people versus
more prominent considerations like economic payoffs and per-
sonal risks. Although structured reflection increased intentions
and decisions to minimize others’ health risks in all experiments,
the procedure increased the correlation between those outcomes
and personal criteria only in the experiments (1 and 3) where the
two criteria were largely orthogonal. When the criteria were pos-
itively correlated (experiments 2 and 4), structured reflection did
not increase the correlation between personal criteria and out-
comes. As noted, it may be that people have more difficulty differ-
entiating positively correlated and complex attributes (54).

Can people learn to apply structured reflection in everyday life?
We believe that structured reflection is akin to “boosts” that in-
crease people’s ability to make decisions according to their per-
sonal beliefs and values (63). Structured reflection entails three
questions: Would the behavior impose health risks on other peo-
ple? How much should imposing health risks on other people
influence the decision to pursue the behavior? And how much
should the potential benefits influence the decision to pursue
the behavior? People should choose to reduce public health risks
when they answer “yes” to the first question and assign relatively
greater weight in the second versus third question. We are opti-
mistic that public health communicators can help people learn to
practice structured reflection to reduce public health risks.

Methods and Materials
Participants
For experiments 1 and 2, data were collected August 2 - 20,
2020, across residents in seven countries (total N = 12,995,
Nfemale = 6,153, Nmale = 5,865, Nother = 36): the United States
(N = 3,318), Italy (N = 1,586), South Korea (N = 1,484), Sweden
(N = 1,589), the United Kingdom (N = 1,520), Israel (N = 1,958), and
Brazil (N = 1,500). We excluded four participants for implausibly
high ages (>120). For experiments 1 and 2, resulting age ranged
[18, 93], Mage = 45.46, SDage = 15.61 and [18, 87], Mage = 45.43,
SDage = 15.55. Participants were randomly assigned to experiment
1 (N = 6,216) or experiment 2 (N = 6,070). In experiment 3, we re-
contacted US residents (N = 2,462) from the first two experiments
(age range [18, 89], Mage = 49.95; SDage = 15.04). As part of an un-
related study (64), participants were randomly assigned to one of
three waves of data collection: October 30 to November 4, 2020
November 4 to 9, and November 9 to 15, 2020. We excluded 28
participants from experiment 1, 37 participants from experiment
2, and 4 participants from experiment 3, who did not respond to
relevant measures. Finally, for experiment 4, we recontacted US

residents (N = 1,080) from experiments 1 and 2 (we did not collect
age data). We collected data from March 15 to April 7, 2020.

Samples were drawn from online panels in each country. Sam-
pling quotas for age and gender were used to select respondents
who were financially compensated for participation, except in the
Swedish sample. Surveys were completed online and adminis-
tered in each country’s official or national language. Surveys were
adapted from English by the authors who are fluent in both En-
glish and the target language and who have expertise in the cul-
tural and political contexts of each country.

Data analysis
We analyzed data in experiments 1 and 2 using mixed-effects re-
gression models, allowing intercepts and slopes for all main ef-
fects to vary randomly across countries. Some models failed to
converge when estimating random slope–intercept covariances,
so they were reestimated, excluding those covariances. We calcu-
lated P values with Satterthwaite’s approximation for degrees of
freedom (65).

For the cross-country comparisons, we estimated a linear re-
gression model with structured reflection, a set of six deviation-
coded country contrasts, and the interaction between structured
reflection and country codes as predictors. The coefficients corre-
spond to interactions between the country codes and structured
reflection conditions.

We analyzed data in experiment 3 with two orthogonal con-
trast codes for condition, one comparing the structured reflec-
tion condition against the average of the control and delibera-
tion conditions (control = −1/3, deliberation = −1/3, structured
reflection = 2/3), and one comparing the control and deliberation
conditions (structured reflection = 0, control = − 1

2 , deliberation =
1
2 ) These contrasts were each interacted with ratings of personal
criteria. We analyzed experiment 4 data using regression models
with a condition contrast (control = − 1

2 and structured reflection
= 1

2 ).

Scenarios, manipulations, and measures
In experiments 1 to 3, participants read scenarios that included
considerations about minimizing other people’s COVID-19 health
risks by reducing social contact, as well as economic loss (exper-
iment 1), personal health risks (experiment 2), and enjoyment of
holiday socializing with family (experiment 3). In experiment 4,
participants donated to provide COVID-19 vaccines to refugees,
keeping the remainder for themselves.

Experiment 1: Suppose you are the owner of a small restaurant.
Your restaurant has been running at full capacity through-
out the last few weeks. However, there has recently been a
spike of cases of the Coronavirus in your area, prompting
your government to recommend that restaurants reduce
their capacity to 50%. The goal of this recommendation is
to minimize the spread of the virus; however, scaling down
to 50% capacity would lead to a significant loss in your in-
come, making it harder for you to afford your basic needs.
You are trying to decide whether to keep your restaurant
running at full capacity or reducing it to 50% capacity.

Experiment 2: One of your close friends has recently asked you,
along with 50 other people, to come over to their house for
a gathering to celebrate their birthday. Your local govern-
ment has no laws against gatherings but recommends that
people avoid meeting with more than 10 people at a time
to reduce the spread of the Coronavirus. Still, attending this
gathering would be a welcome opportunity to socialize and
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celebrate with your friend after months of limited social
contact.

Experiment 3: Countries around the world have begun lift-
ing legal restrictions on social and economic activities.
Nonetheless, many experts recommend that people con-
tinue to take cautionary measures to prevent the spread
of the novel Coronavirus. For a few months, one of your
family members has been planning a Thanksgiving gath-
ering and has invited you as well as 30 other family mem-
bers (including several children and older adults) to this
gathering. However, your family member is now consid-
ering canceling this gathering due to the pandemic and
has asked you to decide whether it should be canceled.
If the Thanksgiving gathering takes place, there is some
probability that you or other family members may contract
COVID-19 at the gathering. Still, attending this gathering
would be a welcome opportunity to socialize and celebrate
with your family after months of limited social contact. As
a result, you are trying to decide whether to cancel the
gathering.

Experiment 4: The COVID-19 pandemic has impacted people
across the globe in many ways. In addition to the negative
consequences for health and well-being, COVID-19 has neg-
atively impacted most economies around the world, caus-
ing financial hardships for many. Considering these issues,
we will randomly select one participant from this study to
receive a $100 economic relief prize as a bonus for partic-
ipating. . . .The study participant who wins the $100 prize
will also have the opportunity to donate some portion of the
$100 prize money to the International Rescue Committe’s
(IRC) vaccination campaign. The IRC is a non-profit that
helps people affected by humanitarian crises to survive, re-
cover, and rebuild their lives. The IRC’s vaccination cam-
paign provides COVID-19 vaccines to refugees around the
world, who have limited access to vaccinations and medi-
cal care. You will indicate how much of the $100 prize you
want to keep for yourself as economic relief and how much
you want to donate to the IRC’s vaccination campaign. If
you are chosen as a winner, we will allocate funds to you as
personal economic relief funds and as a donation to the IRC
based on what you tell us. Note that you are not required
to donate any amount of money to the IRC’s vaccination
campaign, and your decision will not in any way affect your
chances of winning the prize.

In experiments 1 to 3, after reading the scenario, participants
randomized to the control conditions reported the relevant likeli-
hood they would restrict restaurant capacity, attend the birthday
party, or cancel Thanksgiving (1 = Extremely unlikely; 7 = Extremely
likely). In experiment 4, participants used a sliding scale to indi-
cate how much of the $100 cash prize they would donate to the
IRC, keeping the rest for themselves. Within each experiment, be-
fore answering these questions, participants randomized to the
structured reflection conditions read statements providing struc-
ture and two accompanying attributes relevant to the scenario
before indicating how much (1 = Not at all; 7 = Extremely or Very
much) each attribute should influence their decision:

Experiment 1: Keeping your business running as usual would
allow you to maintain your current stream of income, thus
helping you pay for your basic expenses. However, by keep-
ing your business open at full capacity, your restaurant
could potentially contribute to the increased spread of
COVID-19.

How much should the economic losses associated with reduc-
ing restaurant capacity influence your decision to decrease
working capacity by 50%?

How much should the risk that COVID-19 would spread among
your employees and the patrons of your restaurant influ-
ence your decision to decrease working capacity by 50%?

Experiment 2: When deciding whether to attend this gather-
ing, you might have to consider several different factors.
Attending this gathering would increase your risk of con-
tracting COVID-19. This means that you would have an in-
creased likelihood of experiencing severe symptoms from
COVID-19, as well as increased likelihood of spreading this
disease to others that you interact with in your daily life.

How much should your likelihood of spreading COVID-19 in-
fluence your decision to attend the gathering?

How much should your likelihood of experiencing severe
symptoms from COVID-19 influence your decision to attend
the gathering?

Experiment 3: When deciding whether to cancel the Thanksgiv-
ing gathering, two main considerations are the likelihood
that COVID-19 may spread among family members, and
the family connection and satisfaction people would expe-
rience from attending this gathering.

How much should the likelihood that COVID-19 may spread
among family members (including you and others attend-
ing) influence your decision of whether to cancel the gath-
ering?

How much should the family connection and satisfaction that
you and other family members would experience in this
gathering influence your decision of whether to cancel the
gathering?

Experiment 4: Think about the economic benefit you would
gain from receiving this prize money as personal economic
relief. That is, consider how much receiving some or all of
the $100 would help meet your needs, wants, or serve as
a financial cushion. How much should the economic ben-
efit you would gain from receiving this prize money for
personal economic relief influence your decision to donate
some or all of this money?

Think about the impact that money donated to the Inter-
national Rescue Committe’s vaccination campaign would
have on reducing COVID-19 risk among targeted refugees
and their communities. That is, consider the impact that
vaccine donations would have on reducing the spread and
health consequences of COVID-19 among refugees and the
communities they live in. How much should the impact of
donating to the International Rescue Committe’s vaccina-
tion campaign on reducing COVID-19 risk among refugees
and their communities influence your decision to donate
some or all this money?

Participants in the control conditions read the above state-
ments and reported their personal criteria after stating their in-
tentions or decisions. In addition, before stating the likelihood of
canceling Thanksgiving, participants in experiment 3 who were
randomized to the deliberation condition were asked to “consider
your decision carefully and try to generate clear reasons for why
you should or should not cancel the Thanksgiving gathering” be-
fore reporting how likely they would be to cancel the gathering.
The prompt explicitly asked participants to think carefully and
rationally.

Experiment 4 included a six-item measure of cognitive reflec-
tion (66), comprising three numerical items and three nonnumer-
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ical items such as, “If you’re running a race and you pass the per-
son in second place, what place are you in?” (α = 0.75).

Supplementary Material
Supplementary material is available at PNAS Nexus online.
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