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Objectives: This study aims to evaluate the association among framed messages (egoism-, altruism-, and loss-framed information), perceived net benefits (PNB), and willingness to receive a COVID-19 vaccine.
Methods: A between-subject survey experiment was designed to assess the above association. A total of 1,316 individuals were included in this study. The participants were randomly assigned to one control group (receiving non-framed information) and three experimental groups (receiving egoism-, altruism-, and loss-framed information). The participants then reported their vaccination willingness and perceived effectiveness and side effects of vaccination. PNB was determined by subtracting the perceived side effects from perceived effectiveness.
Results: Compared with the control group, participants in the experimental groups exhibited stronger vaccination willingness. Higher PNB levels were associated with enhanced vaccination willingness. However, only loss-framed messages indirectly affected vaccination willingness through PNB.
Conclusion: PNB can mediate the impact of message framing on vaccination willingness. However, the mediation effect of PNB was only found in the relationship between loss-framed messages and vaccination willingness.
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INTRODUCTION
Vaccination strategy is crucial in controlling pandemics resulting from infectious diseases, such as the coronavirus disease 2019 (COVID-19) [1,2]. However, since vaccination is generally a non-mandatory voluntary act [3], the success of this strategy depends on the acceptance of society to get vaccinated [4]. To this end, numerous studies have explored how to increase people’s willingness to vaccinate, and found that vaccination decision-making shows a framing effect [5, 6]. In other words, framed messages, including egoism-, altruism-, and loss-framed information, can increase vaccination willingness [7–10]. This is supported by Prospect Theory, which suggests that different forms of information presentation can alter people’s behavioral preferences [11, 12]. Nevertheless, it is still unclear how message framing enhances vaccination willingness, as most studies only examine the direct association between framed information and vaccination willingness [13–16] or compare the relative persuasiveness of these message frames on vaccination [17–20]. Therefore, further studies should investigate the influencing mechanism of message framing on vaccination willingness.
Perceived net benefits (PNB) refer to an individual’s subjective assessment of the costs and benefits of taking a certain behavior [21, 22]. PNB can be calculated by subtracting costs from benefits [23, 24]. The hypothesis of economic man indicates that an individual decides to have a certain behavior based on the trade-off between costs and benefits [25]. For instance, individuals actively implement a certain behavior when they perceive that the cost of taking action is less than the benefits (positive PNB). Conversely, people do not take the recommended behavior when they perceive that the cost of taking action is more than the benefits (negative PNB). This is also similar to the view expressed in the Value Framework, which believes that individuals tend to maximize the positive value of (benefits) and minimize the negative impact (costs) a product or service when purchasing the product or service [26, 27]. Overall, individuals who perceive a behavior with a higher PNB level are more likely to take the behavior.
Similarly, people decide to be vaccinated (or not) depending on the perceived costs and benefits [28–30]. Cost mainly refers to the individual’s perception of the possible side effects of vaccination (perceived side effects) [31, 32]. Benefit mainly refers to the individual’s perception of the effectiveness of vaccination against diseases (perceived effectiveness) [33, 34]. Studies have shown that the main factors that stop or encourage people from getting vaccinated are the fear of adverse reactions and the expectation that the vaccine will work, respectively [1, 35–37]. Therefore, PNB (perceived effectiveness minus perceived side effects) determines if a person will undergo vaccination or not.
Moreover, message frames may have positive impacts on PNB. Specifically, egoism- and altruism-framed information emphasizes the benefits of a behavior. People exposed to these framed messages perceive more benefit from the behavior [11, 38] and thus have higher PNB than those who receive non-framed information. Loss-framed information emphasizes what people will lose if they do not act. This makes them feel like they will lose less if they act (38–40), showing more PNB. Overall, framed messages may potentially amplify the net benefits of adopting a behavior.
In summary, framed information can increase PNB, which in turn promotes vaccination willingness. This implies that PNB mediates between framed information and vaccination willingness. Thus, this study aimed to examine whether PNB mediates the impact of message frames on vaccination willingness using the COVID-19 vaccine as an example. According to the aforementioned comments, the following three assumptions were proposed: people who receive framed messages exhibit a stronger vaccination willingness than those who receive non-framed information (H1); individuals exposed to framed information show a higher level of PNB (H2); and people with a higher level of PNB are more likely to get vaccinated (H3).
METHODS
Participants and Procedure
This study employed two sample recruitment processes: 1) snowball sampling method was used to recruit participants based on authors’ interpersonal networks, and participants were asked to fill out a questionnaire and forward it further to others; 2) using the convenience sampling method, we posted advertisements on an online commercial survey platform named Credamo (https://www.credamo.com) and then recruited respondents through the sample bank of the platform. The inclusion criteria for eligible participants included being over 18 years of age and not receiving a COVID-19 vaccine. The participants were informed that the survey was anonymous and that they could withdraw at any time. Respondents who completed the questionnaire were to receive monetary subsidies. Notably, two simple attention-checking questions were designed to ensure the responses given were authentic. Only the participants who answered the attention-checking questions correctly were included in the study. Finally, a total of 1,316 participants were used for data analysis.
Survey Experiment Design
A between-subject experiment with four vignettes (one control group (non-framed vignette) and three experimental groups (egoism-framed, altruism-framed, and loss-framed vignettes)) was designed. All vignettes had the same background introduction on COVID-19. However, the vignettes of the experimental groups contained additional framing information about vaccination: For instance, egoism-framed information; “if you receive a COVID-19 vaccine, you can produce strong antibodies, and you will not be infected with COVID-19”; altruism-framed information; “since some people (elderly and children) cannot get COVID-19 vaccine, you need to be vaccinated to promote the formation of herd immunity in your community and reduce the possibility of infecting the elderly and children”; loss-framed information showed the losses of not getting vaccines (if you are not vaccinated, you cannot produce antibodies against COVID-19, and you have high chances of being infected when you accidentally come into contact with the virus). Participants were randomly assigned into the four groups through the randomization function of the Credamo platform. The participants in each group read the vignette and reported their willingness to get a COVID-19 vaccine.
Measurements
Vaccination Willingness
Vaccination willingness was evaluated using the question: “if the COVID-19 vaccine becomes available, are you willing to be vaccinated?” The scores ranged from 1 (extremely unwilling) (score = 1) to 5 (extremely willing).
Perceived Net Benefits
PNB was calculated by subtracting perceived side effects from perceived effectiveness Perceived effectiveness was assessed using the question: “Do you think the COVID-19 vaccine is effective?” The scores ranged from 1 (not at all) to 5 (very effective). Perceived side effects were assessed using the question; “are you worried about the side effects of COVID-19 vaccine”? The scores ranged from 1 (not worried at all) to 5 (extremely worried).
Control Variables
The control variables in this study included gender (male/female), age (18–30, 31–40, 41–50, and above 50 years), education (primary school or below, middle school, high school, junior college, bachelor degree, master degree, and Ph.D.), job (government or public institution employee, state-owned enterprise employee, private-owned enterprise employee, farmer, student, and others), perceived income (very poor, lower-middle, medium, upper-middle, and very good), presence of a child/children (yes/no), presence of an elderly member in the family (yes/no), health status, and perceived probability and severity of COVID-19, (based on previous studies [4, 10, 39, 40]. An individual’s health status was assessed using the question “how is your health?” The scores ranged from 1 (very bad) to 5 (very good). Perceived probability was assessed using the question “how likely do you think you will be infected with COVID-19?” The scores ranged from 1 (very unlikely) to 4 (very likely). The perceived severity of getting COVID-19 was evaluated using the question, “how serious do you think it is to get COVID-19?” The scores ranged from 1 (not serious at all) (score = 1) to 4 (very serious).
Data Analysis
The characteristics of frequency (mean ± standard deviation) and percentage (range) of each variable were described. The differences in socio-demographics (gender, age, education, job, perceived income) among the four groups were examined using Chi-square tests or ANOVA analyses. The assumptions were tested using a seemingly unrelated regression (SUR) method: The models (unadjusted and adjusted models) were assessed as described by Zellner [41]: 1) the effect of message frames (egoism-, altruism-, and loss-framed information) on PNB, and 2) the effect of message frames and PNB on vaccination willingness. The potential mediation effects were assessed using a bias-corrected bootstrap method with 5,000 replications [42]. Moreover, the impact of message frames on perceived effectiveness and side effects was evaluated using ad hoc analyses to clarify how message frames influence PNB. p < .05 was considered statistically significant. SPSS version 21.0 was used for all analyses.
RESULTS
Descriptive Results
Characteristics of the participants are shown in Table 1. The control, egoism-framed, altruism-framed, and loss-framed groups had 333, 321, 335, and 327 participants, respectively. A total of 673 participants were females (51.14%), and 643 were males (48.86%). About 35.41%, 22.65%, 33.51%, and 8.43% of the participants were aged 18–30 years, 31–40 years, 41–50 years, and over 50 years, respectively. Most respondents (86.09%) had an elderly member in their family, and about 67.10% had a child/children. About 71.04% of the respondents had an education level of junior college or above. About 69.75% perceived their income as medium or above. Furthermore, the mean ± standard deviation of vaccination willingness, PNB, health status, perceived probability, and perceived severity was 4.31 ± .89, 1.28 ± 1.45, 3.77 ± .79, 2.18 ± .74, and 3.26 ± .75, respectively. Moreover, gender, age, education, job, and perceived income were not significantly different among the four groups.
TABLE 1 | Characteristics of sample (Chengdu, China. 2022).
[image: Table 1]SUR Results
The hypothesis test results are summarized in Table 2. The unadjusted and adjusted models showed that only loss-framed messages significantly and positively impacted PNB compared with non-framed information (unadjusted: β = .31, p < .01; adjusted: β = .33, p < .01). However, the three framed messages significantly and positively influenced vaccination willingness. For instance, in the adjusted model, the participants exposed to the egoism-framed (β = .29, p < .001), altruism-framed (β = .28, p < .001), and the loss-framed messages (β = .41, p < .001) reported a stronger willingness to be vaccinated than those who received non-framed information. Moreover, higher PNB level was significantly associated with higher vaccination willingness (β = .23, p < .001). These results indicate that PNB only mediates the association between loss-framed information and vaccination willingness (Figure 1). Bootstrap analysis results also confirmed the indirect effect of loss-framed information on vaccination willingness through PNB (β = .07, 95% biased CI: .03, .12).
TABLE 2 | Associations between message frames, perceived net benefits, and vaccination willingness (Chengdu, China. 2022).
[image: Table 2][image: Figure 1]FIGURE 1 | Mediation effect of perceived net benefits on the association between messages frames and vaccination willingness (Chengdu, China. 2022).
Ad-Hoc Analysis Results
The associations between message frames with perceived effectiveness and side effects are shown in Table 3. Compared with subjects exposed to non-framed information, participants exposed to loss-framed information felt vaccination was more effective (β = .12, p < .05) and perceived that the side effects of vaccination were weaker (β = −.21, p < .01). In contrast, the egoism- and altruism-framed information did not significantly affect the perceived effectiveness and side effects.
TABLE 3 | Effects of message frames on perceived effectiveness and side effects (Chengdu, China. 2022).
[image: Table 3]DISCUSSION
Using a representative sample of the Chinese population, this study sought to determine how framed messages (loss-, egoism-, and altruism-framed information) affect vaccination willingness via PNB. This is the first study to examine the influencing mechanism of message frames on vaccination to the best of our knowledge. The findings of this study provide useful knowledge on how loss-framed information increases vaccination willingness and why loss-framed information has advantages in promoting vaccination compared with the other two message frames (egoism and altruism). Therefore, this study may provide new theoretical insights into the impact of message frames on health behavior.
First, consistent with previous studies [3, 7–10], individuals who received framed messages (egoism-, altruism-, and loss-framed messages) were more likely to get vaccinated than those who received non-framed messages. People adopt recommended behavior when provided with information highlighting the positive outcomes of behavior (egoism-framed and altruism-framed) or negative outcomes (loss-framed) [38, 43, 44]. This is consistent with the views expressed in the Prospect theory [11, 38], that is, information emphasizing the potential benefits of performing a behavior or the potential costs of not doing so can influencing people’s behavior decision-making. Moreover, the coefficient of loss-framed messages with vaccination was higher than that of egoism- and altruism-framed messages, indicating that loss-framed messages have a stronger effect on persuading people to be vaccinated than the other two framed messages. This supports previous findings that emphasizing the possible losses or disadvantages of not getting a vaccine is more persuasive than emphasizing the benefits or advantages of vaccination among individuals who perceive vaccination as risky [9, 10, 19]. Overall, these results show that framed messages, especially loss-framed messages, are effective strategies for improving vaccination willingness.
Second, people with higher PNB exhibited stronger vaccination willingness. This is consistent with the previous findings that individuals usually measure the net benefits of taking a behavior before deciding whether to adopt the behavior [21, 24]. Therefore, PNB is an appropriate criterion for individual behavioral decision-making [45], and thus vaccination willingness can be enhanced by increasing an individual’s PNB. Moreover, PNB in this study was measured by subtracting perceived side effects from the perceived effectiveness of vaccination. Thus, PNB can be increased by improving people’s perception of the effectiveness of vaccination and reducing concerns about the side effects of vaccines.
Third, PNB mediated the association between framed messages and vaccination willingness. Notably, the mediating role of PNB was only established in the impact path between loss-framed messages and vaccination willingness. Therefore, only loss-framed messages increased the PNB levels, directly improving vaccination willingness. Furthermore, loss-framed messaging affects PNB by decreasing the perceived side effects of vaccination and increasing the perceived effectiveness of immunization. This indicates that highlighting the losses of not adopting a behavior lowers the individual’s perception of costs of adopting the behavior and raises the perception of benefits of the behavior. For the former, it is simple because the meaning expressed by the loss-framed information is the potential loss from not acting, and thus it is easy for people to perceive that taking action will reduce the loss [11, 38, 46]. Regarding the latter, one possible explanation is that people may develop a sense of loss of not acting in loss-framed information. This would contrast the perceptions of behavioral effects that people originally held, thereby further amplifying the perceived behavioral benefits. Non-etheless, this interpretation remains speculative until conclusive empirical evidence is available.
Surprisingly, inconsistent with prior research which showed that framed information stating benefits can affect PNB [47], no significant association was found between gain-framed (egoism- and altruism-framed) messages and PNB in this study. This suggests that PNB cannot explain the effects of these two types of framed messages on vaccination. Thus, we acknowledge that the present study did not explore the influencing mechanism of these two message frames on vaccination. Furthermore, egoism- and altruism-framed messages have no significant positive effect on perceived effectiveness. This is inconsistent with previous findings [11, 38, 48] that egoism- and altruism-framed information emphasizing the gains of a behavior could increase the perception of benefits of taking the behavior. We speculate that the discrepancy could be because the study was conducted at the beginning of the COVID-19 vaccine launch. As a new vaccine, people were mainly concerned about the side effects of the vaccine at the time [31, 32], and the actual effects of the vaccine on health promotion had not yet been seen. Therefore, these framed messages alone are not enough to improve people’s perception of the effect of the vaccine.
This study can provide practical implications for the development of vaccination strategy. According to the positive association between PNB and vaccination willingness, we believe that the practice departments need to adopt strategies to improve people’s PNB. In this regard, it is meaningful to either enhance the perceived benefits of vaccination or reduce the perception of the side effects of vaccines. In addition, we recommend using message frames to construct vaccine information, as egoism-, altruism-, and loss-framed information can directly promote people’s willingness to be vaccinated. Of course, we particularly recommend the use of a loss-framed information construction approach to highlight the potential loss of not vaccinating, because it can also indirectly promote vaccination through PNB.
The present study has some limitations. First, vaccination willingness was used to represent the actual vaccination behavior. However, willingness cannot guarantee actual behavior [49]. Second, PNB measurement is not particularly accurate since perceived effectiveness and side effects were used to represent benefits and costs, respectively. However, the benefits and costs of vaccination can come from many sources. Moreover, the influencing mechanism of egoism/altruism-framed messages on vaccination willingness should be further explored in the future.
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Else
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No
Have an elder®
Yes
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Health status®
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Perceived net benefits®
Vaccination willngness®

Note. Frequency and percentage were reported.

bRange and mean values (standard deviations) were reported.

Frequency/Range

643
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20
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25
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355
799
107

12
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183
1-5
1-4
1-4
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Percent/Mean (SD)
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35.41
22.65
33.51
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8.13
19.30
17.25
44.45
7.45
1.90

2219
12.84
23.86
21.05
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13.90

327
26.98
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8.13

0.91

67.10
32.90

86.09
13.91
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218 (0.74)
3.26 (0.75)
1.28 (1.45)
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