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Supplemental Text
Hypotheses on risk perception and perceived effectiveness of the target vaccine
Empirical findings (Brewer et al., 2007) and prominent health behavior theories, such as the protection motivation theory (Rogers, 1975) and the health belief model (Becker, 1974), have demonstrated the importance of risk perceptions and perceived vaccine effectiveness for vaccination decisions (Schmid et al., 2017). Thus, the probability of vaccine adverse events, their assumed severity, and vaccine effectiveness are important dimensions to consider when evaluating a vaccine. Given that individuals might find assessing the attributes of individual vaccines difficult, such as the probability of vaccine adverse events or effectiveness(Hsee, 1996), the presence of an inferior vaccine should ease the evaluation and change how the superior vaccine is perceived. Accordingly, we hypothesized that the presence of a decoy is associated with (i) higher perceived effectiveness of the target vaccine when the decoy is less effective than the target (effectiveness hypothesis), (ii) lower perceived risk of the target vaccine when the decoy has a higher objective probability for vaccine adverse events than the target (risk hypothesis[footnoteRef:1]), and (iii) lower perceived severity of vaccine adverse events of the target vaccine when the decoy has more severe vaccine adverse events than the target (severity hypothesis). [1:  The original preregistered hypothesis was as follows: The presence of a decoy is associated with a lower perceived probability of vaccine adverse events of the target vaccine when the decoy is inferior to the target in terms of the probability of vaccine adverse events. However, this hypothesis could not be tested in this form because a general measure of perceived risk rather than perceived probability was collected. As risk perceptions are composed of perceived severity and probability (Brewer et al., 2007), the decoy should still influence the general perception of risk.] 



Results on risk perception and perceived effectiveness of the target vaccine
Experiment 1
The presence of a decoy was associated with lower risk perceptions (rrisk = -.14, p < .001; rseverity = -.11, p < .001) and the target vaccine was perceived to be more effective (reffectiveness = 0.06, p = .03), providing support for the risk and effectiveness hypotheses, respectively.
Furthermore, in the decoy conditions, we explored the influence of the decoy parametrizations on risk perceptions and perceived effectiveness of the vaccine. Supplementary Table 3 displays the results of three linear regressions of the factors effectiveness of the decoy, probability of vaccine adverse events of the decoy, and their interaction on perceived risk (risk), severity of vaccine adverse events (sev), and effectiveness of the target vaccine (eff). Linear regressions with polynomials had no better model fit than regressions without polynomials (psrisk> .754, pssev> .698, pseff> .375), so regressions without polynomials were calculated. Similar to the results of the parametrizations of the decoy on choice ratio and vaccine uptake, neither the effectiveness of the decoy (brisk = 0.10, prisk = .183; bsev = 0.07, psev = .324; beff = -0.01, peff = .884), probability of vaccine adverse events of the decoy (brisk = 0.18, prisk = .174; bsev = 0.12, psev = .307; beff = -0.02, peff = .786), nor their interaction (brisk = -0.00, prisk = .170; bsev < -0.01 psev = .307; beff < 0.01, peff = .798) influenced the perceptions of risk, severity, or effectiveness of the target vaccine.
Experiment 2
Regarding the risk and effectiveness hypotheses (see Supplementary Table 4), linear regressions revealed that (i) the presence of a probability decoy did not decrease perceived risks of vaccine adverse events regarding the target vaccine (b = -.20, p = .090), and that (ii) the introduction of an effectiveness decoy did not increase the perceived effectiveness of the target vaccine (b = 0.08, p = .279). However, as hypothesized, the introduction of a severity decoy resulted in lower perceived severity of vaccine adverse events of the target vaccine (b = -0.46, p < .001). Interestingly, the results of the linear regressions revealed that the presence of an identical vaccine (clone decoy) decreased the perceived risk of the target vaccine (b = -0.44, p < .001) as well as the perceived severity of the target’s vaccine adverse events (b = -0.51, p < .001). The presence of the clone had no effect on the perceived effectiveness of the target vaccine (b = -0.08, p = .286).
Exploratory analyses revealed that the presence of decoys had unexpected spillover effects on risk perceptions (see Table S4). The probability decoy led to a reduction in the perceived severity of the target’s vaccine adverse events (b = -0.23, p = .037), and the introduction of a severity decoy resulted in a reduction in the perceived risk of the target vaccine (b = -0.45, p < .001). The introduction of an effectiveness decoy decreased the perceived risk and the perceived severity of vaccine adverse events of the target vaccine (brisk = 0.38, prisk = .001; bseverity = 0.43, pseverity < .001). In contrast to Experiment 1, perceived risks of the disease were assessed after participants learned about costs of the disease and the available vaccine or vaccines. Thus, it was possible to explore changes in disease-related risk perceptions when introducing a decoy vaccine. Two linear regressions (see Supplementary Table 5) showed that neither the clone decoy (brisk = 0.05, prisk = .676; bseverity = -0.05, pseverity = .641) nor the probability decoy (brisk = 0.09, prisk = .415; bseverity = 0.06, pseverity = .551) changed perceptions of risk and severity perceptions regarding the disease. However, the presence of a severity decoy (brisk = 0.24, prisk = .030; bseverity = 0.01, pseverity = .944) or an effectiveness decoy (brisk = 0.22, prisk = .048; bseverity = 0.06, pseverity = .600) increased the perceived risk of the disease but not the severity of the disease.
Methods – One-shot I-Vax game
The one-shot I-Vax game is an economic game that resembles a volunteer’s dilemma (Diekmann, 1985). It captures the individual and collective consequences of vaccination and nonvaccination. This means that the costs of infections and vaccination for individual health are modeled monetarily. In addition, these consequences are determined by the player’s decision, the decision of other players, and chance.
The one-shot I-Vax game is played once in groups of n players (Korn et al., 2020).
It models the expected utility (EU) of vaccination and nonvaccination for an individual  as follows:
 [1]
Players are endowed with  fitness points at the beginning of the game. The remaining fitness points after playing the game are converted into money. In Experiment 2, the conversion factor was 0.005. Players can decide either in favor or against vaccination (, 0 = nonvaccination, 1 = vaccination).
A decision in favor of or against vaccination entails costs (, respectively), thus reducing the utility of the player:
 [2]
Nonvaccination
Nonvaccination does not yield fixed costs, , it yields variable costs in the case of infection: 
 [3]
The probability of contracting the disease () varies as a function of the basic reproduction number of the disease (), the vaccination rate (, with ), and the effectiveness of the vaccine ():
 [4]
In case of infection, a player loses points depending on the severity of the disease (). The loss of fitness points as a result of infection was defined as  = 40 in the experiment.
Vaccination
In contrast to nonvaccination, vaccination entails fixed costs of = 10, which represent costs such as the waiting time for the vaccine at the doctor’s office. The fixed cost of vaccination was constant across the different vaccines. Additionally, vaccination may lead to variable costs. These variable costs [5] occur as a result of (i) vaccine adverse events or (ii) due to infection since the vaccines were not perfectly effective or (iii) both. The resulting from infection despite vaccination correspond to the cost function for the variable costs in the case of nonvaccination [3], corrected for the effectiveness of the vaccine. The expected costs resulting from vaccination depend on the probability and severity of vaccine adverse events:
 [5]
Table 1 in the main text shows the exact parameters for the different vaccines in Experiment 2.
Social optimum
In the current experiment, the social optimum, that is, the minimization of the sum of costs of vaccination and nonvaccination in a population, corresponds with the herd immunity threshold (). The herd immunity threshold is determined by the basic reproduction number of the disease and the effectiveness of the vaccine:
 [6]
Note that in the experiment, a selfish–rational player should opt for the target vaccine in case of vaccination. Therefore,  = 0.77 is in Experiment 2.
Nash equilibrium
The Nash equilibrium is the critical vaccination rate in which no selfish–rational individual has an incentive to change their vaccination decision unilaterally. The Nash equilibrium () is determined by the ratio [7] between the costs of vaccination (+) and the costs of the disease (), the basic reproduction number of the disease (), and the effectiveness of the vaccine () (Bauch & Earn, 2004):
 [7]
 [8]

For the target vaccine, the Nash equilibrium was  .50. For the decoy vaccines, the Nash equilibria were identical:  .36.


Figures
Supplementary Figure 1
Display of the experimental parameters in Experiment 1
[image: ]
Note. The x-axis represents the effectiveness of protection from infection for the different options. The y-axis represents the probability of vaccine adverse events for the different options. The black dot represents nonvaccination, the black triangle represents the target (‘vaccine Y’), and the grey area represents the parameter space of the decoy (‘vaccine X’). Nonvaccination does not protect from infection and poses no risk of vaccine adverse events, thus, resulting in 0% in both cases. Vaccine Y was 92% effective and had a probability of vaccine adverse events of 30%; the effectiveness of vaccine X varied between 65 and 80%, the probability of vaccine adverse events varied between 34.5% and 49.5%. The dashed line shows the indifference line (y = -0.326*x), in which the options are perceived as equally attractive.


Tables

Supplementary Table 1
Logistic regressions predicting the choice ratio of the target vaccine and vaccine uptake as a function of the experimental condition
	 
	Decision of favor of the target
	Decision in favor of vaccination

	Predictors
	Odds Ratios
	p
	Odds Ratios
	p
	Odds Ratios
	p
	Odds Ratios
	p

	(Intercept)
	7.35
(4.97 – 11.32)
	<.001
	9.97
(6.27 – 17.07)
	<.001
	7.35
(4.97 – 11.32)
	<.001
	9.97
(6.27 – 17.07)
	<.001

	Collapsed decoy
Conditions (vs. none)
	4.04
(2.35 – 6.90)
	<.001
	4.65
(2.34 – 9.16)
	<.001
	4.20
(2.44 – 7.17)
	<.001
	4.81
(2.42 – 9.48)
	<.001

	Vaccine acceptance
	
	
	2.22
(1.55 – 3.27)
	<.001
	
	
	2.22
(1.55 – 3.27)
	<.001

	Collapsed decoy
Conditions * Vaccine acceptance
	
	
	1.23
(0.76 – 1.98)
	.394
	
	
	1.20
(0.74 – 1.92)
	.455

	Observations
	1230
	1230
	1268
	1268

	R2 Tjur
	0.024
	0.097
	0.025
	0.095





Supplementary Table 2
Logistic regressions predicting the choice ratio of the target vaccine and vaccine uptake as a function of the effectiveness and probability of vaccine adverse events of the decoy vaccine

	 
	Choice ratio of the target vaccine
	Vaccine uptake

	Predictors
	Odds Ratios
	p
	Odds Ratios
	p

	(Intercept)
	0.00
(0.00 – 10126390.64)
	.179
	0.00
(0.00 – 7493099.30)
	.175

	Effectiveness of the
decoy
	1.77
(0.86 – 3.71)
	.124
	1.78
(0.86 – 3.75)
	.121

	Vaccine adverse events of the decoy
	2.32
(0.70 – 7.82)
	.172
	2.34
(0.70 – 7.91)
	.170

	Effectiveness of the
decoy* Vaccine adverse events of
the decoy
	0.99
(0.97 – 1.00)
	.150
	0.99
(0.97 – 1.00)
	.149

	Observations
	1013
	1051

	R2 Tjur
	0.004
	0.004
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Supplementary Table 3
Logistic regressions predicting the choice ratio of the target vaccine and vaccine uptake as a function of the experimental condition
	 
	Decision of favor of the target
	Decision in favor of vaccination

	Predictors
	Odds Ratios
	p
	Odds Ratios
	p
	Odds Ratios
	p
	Odds Ratios
	p

	(Intercept)
	6.06
(4.28 – 8.86)
	<.001
	7.59
(5.07 – 11.94)
	<.001
	6.06
(4.28 – 8.86)
	<.001
	7.59
(5.07 – 11.94)
	<.001

	Clone decoy (vs. none)
	1.09
(0.63 – 1.90)
	.754
	1.17
(0.61 – 2.29)
	.638
	1.34
(0.78 – 2.33)
	.294
	1.40
(0.74 – 2.71)
	.303

	Probability decoy (vs.
none)
	1.28
(0.75 – 2.20)
	.367
	2.05
(1.01 – 4.40)
	.053
	1.30
(0.76 – 2.24)
	.333
	2.09
(1.03 – 4.47)
	.048

	Severity decoy (vs. none)
	1.95
(1.09 – 3.59)
	.027
	2.65
(1.25 – 6.09)
	.014
	2.00
(1.12 – 3.67)
	.022
	2.73
(1.29 – 6.29)
	.012

	Effectiveness decoy (vs.
none)
	2.27
(1.23 – 4.34)
	.010
	4.23
(1.80 – 11.61)
	.002
	2.32
(1.26 – 4.43)
	.008
	4.33
(1.84 – 11.87)
	.002

	Vaccine acceptance
	
	
	2.39
(1.75 – 3.44)
	<.001
	
	
	2.39
(1.75 – 3.44)
	<.001

	Clone decoy * Vaccine acceptance
	
	
	1.01
(0.61 – 1.68)
	.967
	
	
	0.88
(0.55 – 1.38)
	.578

	Probability decoy * Vaccine acceptance
	
	
	1.33
(0.81 – 2.20)
	.266
	
	
	1.33
(0.81 – 2.21)
	.256

	Severity decoy * Vaccine acceptance
	
	
	1.28
(0.75 – 2.22)
	.360
	
	
	1.28
(0.75 – 2.23)
	.359

	Effectiveness decoy * Vaccine acceptance
	
	
	1.19
(0.72 – 1.99)
	.504
	
	
	1.19
(0.72 – 2.00)
	.489

	Observations
	1163
	1163
	1216
	1216

	R2 Tjur
	0.009
	0.272
	0.008
	0.262



Supplementary Table 4
Linear regressions predicting perceived risk, severity, and effectiveness of the target vaccine as a function of the effectiveness and probability of vaccine adverse events of the decoy vaccine

	 
	Perceived risk
	Perceived severity
	Perceived effectiveness

	Predictors
	Estimates
	p
	Estimates
	p
	Estimates
	p

	(Intercept)
	-4.22
(-14.87 – 6.43)
	.437
	-1.79
(-11.81 – 8.24)
	.726
	6.35
(-0.64 – 13.33)
	.075

	Effectiveness of the
decoy
	0.10
(-0.05 – 0.25)
	.183
	0.07
(-0.07 – 0.21)
	.324
	-0.01
(-0.10 – 0.09)
	.884

	Vaccine adverse events of the decoy
	0.18
(-0.08 – 0.43)
	.174
	0.12
(-0.11 – 0.36)
	.307
	-0.02
(-0.19 – 0.14)
	.786

	Effectiveness* Vaccine adverse events
	-0.00
(-0.01 – 0.00)
	.170
	-0.00
(-0.00 – 0.00)
	.307
	0.00
(-0.00 – 0.00)
	.798

	Observations
	1051
	1051
	1051

	R2 / R2 adjusted
	0.002 / -0.001
	0.001 / -0.002
	0.001 / -0.002




Supplementary Table 5
Linear regressions predicting the risk perceptions and perceived effectiveness of the target vaccine as a function of the experimental condition

	 
	Perceived risk
	Perceived severity
	Perceived effectiveness

	Predictors
	Estimates
	p
	Estimates
	p
	Estimates
	p

	(Intercept)
	3.42
(3.26 – 3.58)
	<.001
	3.60
(3.45 – 3.75)
	<.001
	5.76
(5.65 – 5.87)
	<.001

	Clone decoy (vs. none)
	-0.44
(-0.67 – -0.21)
	<.001
	-0.51
(-0.72 – -0.29)
	<.001
	-0.08
(-0.24 – 0.07)
	.286

	Probability decoy (vs.
none)
	-0.20
(-0.42 – 0.03)
	.090
	-0.23
(-0.44 – -0.01)
	.037
	-0.04
(-0.19 – 0.12)
	.645

	Severity decoy (vs. none)
	-0.45
(-0.68 – -0.22)
	<.001
	-0.46
(-0.68 – -0.25)
	<.001
	-0.01
(-0.16 – 0.14)
	.883

	Effectiveness decoy (vs.
none)
	-0.38
(-0.61 – -0.16)
	.001
	-0.43
(-0.64 – -0.22)
	<.001
	0.08
(-0.07 – 0.24)
	.279

	Observations
	1216
	1216
	1216

	R2 / R2 adjusted
	0.018 / 0.015
	0.024 / 0.021
	0.004 / 0.001




Supplementary Table 6
Linear regressions predicting risk perceptions regarding the disease as a function of the experimental condition

	 
	Perceived risk of the disease
	Perceived severity of the disease

	Predictors
	Estimates
	p
	Estimates
	p

	(Intercept)
	5.65
(5.50 – 5.80)
	<.001
	5.35
(5.20 – 5.50)
	<.001

	Clone decoy (vs. none)
	0.05
(-0.17 – 0.26)
	.676
	-0.05
(-0.26 – 0.16)
	.641

	Probability decoy (vs.
none)
	0.09
(-0.12 – 0.30)
	.415
	0.06
(-0.15 – 0.27)
	.551

	Severity decoy (vs. none)
	0.24
(0.02 – 0.45)
	.030
	0.01
(-0.20 – 0.22)
	.944

	Effectiveness decoy (vs.
none)
	0.22
(0.00 – 0.43)
	.048
	0.06
(-0.15 – 0.27)
	.600

	Observations
	1216
	1216

	R2 / R2 adjusted
	0.006 / 0.003
	0.001 / -0.002
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