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Abstract: The major public health emergencies (PHEs) represented by the COVID-19 pandemic, while
posing a serious threat to human health, have led people to rethink about the harmonious relationship
between humans and nature. It is worthy to explore whether and how the framework effect of event
information can be used to turn crises into opportunities to promote public pro-environmental
behavior (PEB). Through a pre-and post-test control experiment, this study took the COVID-19
pandemic as a case, to explore the effects of four PHE information frameworks on promoting PEB,
coupled with two information loss–gain frameworks and two information content frameworks. The
results showed that all four information frameworks contribute to the public PEB. However, there are
differences: only the environmental gain information effect is significant for PEB in the private sphere.
The environmental loss and health gain information are effective for PEB in organizations. However,
in the public sphere, all four information frameworks significantly motivate PEB. Further factorial
analysis revealed that the interaction between the information content and loss–gain framework was
not significant, with the latter playing the dominant role. These findings provide a new approach
to how to develop the information framework effect and turn crises into opportunities to promote
public PEB in the context of major PHEs.

Keywords: public health emergency; coupling information; information framework; COVID-19
pandemic; pro-environmental behavior; control experiment

1. Introduction

Public health and environmental sustainability are two of the major challenges facing
the world in the 21st century [1]. In particular, the COVID-19 pandemic, which began in
2020, poses a serious threat to human health and also seriously disturbs normal production
and life worldwide [2–7]. The COVID-19 pandemic is defined by the World Health Orga-
nization (WHO) as constituting a “public health emergency of international concern”. In
the past three years, the variation and continuous spread of COVID-19 worldwide have
produced a series of harmful and negative effects [8]. At the same time, more and more
people have started to rethink how people and nature can live in harmony [9].

As the COVID-19 pandemic, a public health emergency (PHE), continues and changes,
the way people work, travel habits, and consumption patterns have also changed sig-
nificantly [10–12]. Several studies suggested that the COVID-19 pandemic event can be
considered a major turning point, which can lead to the adoption of more sustainable
lifestyles [13–15]. Some scholars are focusing on the positive impact of major PHEs, such
as the COVID-19 pandemic event, on pro-environmental behavioral intentions [16–18].
However, Sun et al. discovered that people’s behavioral intentions do not always translate
into actual behavior, and there is a gap between behavioral intentions and their actual be-
havior, by exploring and manipulating potential decision-making processes on the Internet
of Things [19]. In terms of pro-environmental consumption, Grimmer and Miles found that
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there is also a gap between pro-environmental consumers’ intentions to purchase environ-
mental products and their actual pro-environmental purchasing behavior [20], which is
not conducive to the implementation of consumer PEB. How to bridge the gap between
behavioral intentions and actual behavior in PEB becomes particularly important.

To promote PEB, there have been many successful studies on individual psychological
factors, external contextual factors [21,22], and demographic characteristics. For individual
psychological variables, scholars have mainly explored the predictive role of variables
such as attitudes [23,24], values [25–27], subjective norms [28], environmental behavioral
intentions [29], and perceived behavior control [30] on PEB. On external contextual vari-
ables, variables such as social norms [31,32], state policy [33], government incentives [34],
and public media [32] have received attention. In terms of demographic variables, gender,
age, and educational attainment have been widely used in the analysis of differences in
PEB [35–37]. The existing research has focused on the influence of external contextual
factors on PEB, but the role of information frameworks of major emergencies occurring in
the external environment in motivating individuals to implement PEB has not received
sufficient attention.

According to social information processing theory, when people are in a highly com-
plex and uncertain environment, they will rely more on the various information provided
by the social environment and constantly adjust their attitudes and behaviors to adapt to
this uncertain and complex social environment [38]. The research conducted by found that
people’s perceptions of information and sensitivity to the COVID-19 pandemic can influ-
ence their levels of knowledge, attitudes, perceived behavioral control, ultimate motivation
generation, and provide the basis for promoting their PEB in society [39]. Broomell and
Chapman found that people’s actual behavioral decision-making is more dependent on
their perceptions, judgments, and feelings about the information they receive [40]. When
people are confronted with emergencies in the external environment, external information
can significantly influence individuals’ consciousness or behavior [41]. This shows that the
framework effect of information dissemination can not only provide a powerful theoretical
basis for increasing the persuasive power of information, but also create a new perspective
for predicting individual behavioral decision-making. Therefore, whether and how to use
the framework effect of information about PHEs to turn this crisis into an opportunity of
promoting public PEB, bridging the gap between willingness to be pro-environmental and
actual behaviors, becomes a potential approach to promoting public PEB.

Information frameworks refer to the different ways in which information represents
choices, goals, and outcomes as related to behavioral decision-making [42]. Information
recipients have different perceptions and judgments based on the information conveyed
by information frameworks, which influence changes in their behavioral decision-making.
The role of information frameworks on individual behavioral decision-making has received
much research attention; for example, Mollen et al. found that the matching of information
frameworks and norm types influenced consumers’ consumption of healthy food [43].
When positive framework information was used to express descriptive norms and nega-
tive framework information to express imperative norms, consumers were more likely to
choose healthy food. Gallagher et al. used meta-analysis to explore the role of information
frameworks on health communication behaviors [44]. They found that gain framework
information was more persuasive than loss framework information for preventive behav-
iors such as preventing skin cancer, encouraging physical activity, and quitting smoking.
Academics have now explored the important role of information framework in fields such
as marketing, media studies, and medicine [45,46], but whether and how the information
framework works to promote PEB in the context of the COVID-19 pandemic, a major PHE
with global implications, needs to be validated. Therefore, to fill the above-mentioned
research gap, this study divides the information frameworks into a gain framework that
emphasizes the protection of the environment, and its positive consequences, as well as a
loss framework that emphasizes the environmental damage and negative consequences, by
taking the COVID-19 pandemic as a case. Additionally, it explores the effects of different
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information frameworks on public PEB decision-making through a pre-and post-test con-
trol experiment. Specifically, it examines whether two information loss-gain frameworks
(emphasizing gains vs. losses) and two information content frameworks (emphasizing
environmental vs. healthy outcomes) are conducive to promoting PEB.

This study extends previous work and contributes as follows: firstly, this study extends
the study of promoting public PEB to the information management of PHEs, providing a
new perspective on how to promote public PEB through information management in the
context of major PHEs. Secondly, using the COVID-19 pandemic case, through a pre-and
post-test experiment, we evaluated the effects of four coupled strategies of information
content frameworks (environmental information and healthy information) and information
loss–gain frameworks (a gain framework and a loss framework) on the public PEB decision-
making, and then verified the effects of a single information strategy through factorial
analysis, providing new insights into how to design information frameworks for PBE, which
is an important addition to the existing literature on information frameworks. Finally, our
study provides targeted recommendations on how policymakers can identify opportunities
to promote public PEB through customized information design in major PHEs.

The rest of the paper is organized as follows: in Section 2, three sets of research
hypotheses are presented through a review of the relevant theory and literature; Section 3
describes the methodology and process of the experimental study; Section 4 presents the
results of the data analysis; Section 5 discusses the results obtained; and the final section
explains the conclusions, practical implications, limitations of this research and future
research perspectives.

2. Literature Review and Research Hypothesis
2.1. Information Content Framework

The information content is considered as an important factor in influencing PEB, but
the effect of different information content varies [42]. A study by Abrahamse et al. found
that promotional and educational information about environmental protection increased
people’s knowledge of energy conservation, but did not lead to a substantial reduction
in total household energy consumption [47]. In a study of group energy saving among
university students, Mi et al. found that the experimental group with normative information
+ inter-group comparative feedback had the best energy savings (up to 24.23%) compared
with the control group, by testing the effectiveness of four non-financial information
strategies in promoting group energy savings [48]. Kamilaris et al. found that providing
employees with specific information about the consequences of their environmental impact
and targeted energy-saving methods was effective, which can promote employees’ energy-
saving behavior [49]. This shows that the impact on the implementation of PEB varies
significantly when different information is sent to people.

Most studies agree that information strategies have a positive effect on promoting
PEB, but the effect of different information content frameworks is debated. In a study of
household energy savings, Asensio and Delmas found that environment and health-based
information treatments motivated 8% energy savings versus control and were particularly
effective on families with children, who achieved up to 19% energy savings [50]. Addition-
ally, Asensio and Delmas, in a home energy-saving experiment, found that a health-based
framework (providing information on the impact of home electricity use on human health)
resulted in more sustainable energy-saving behavior than a cost-based framework (provid-
ing information on the monetary cost of home electricity use) [51]. In a field experiment
conducted in an Indian flat, Chen et al. found that providing environmental and health
information was more effective in generating energy savings than providing monetary
information [52]. Mi et al. found that environmental contribution feedback led to better
energy savings than a combination of cost–benefit feedback interventions [53]. This shows
that health and environmental information plays a greater role in promoting individuals’
environmental behavior than monetary information.
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Some scholars have also focused on the impact of information frameworks on people’s
health behaviors in the context of the COVID-19 pandemic. For example, a study by
Corral-Verdugo et al. found that a positive environmental framework for the COVID-19
pandemic could buffer the negative effects of the COVID-19 pandemic, as well as mitigate
people’s self-care and preventive measures against COVID-19 [54]. Si et al. studied
people’s mask-saving intentions and behaviors during the pandemic, and they found
that information campaigns had a positive impact on mask-saving intentions [55]. As
the COVID-19 pandemic continues to evolve, human health and livelihoods have been
greatly affected, leading to an increasing focus on the role of health and environmental
information. However, there has been little research on the impact of COVID-19 pandemic
healthy information and environmental information on public PEB, which may cause us
to miss an important way to promote public PEB in the context of PHEs. Therefore, in
this study, we focus our information content frameworks on environmental information
and healthy information. Among them, the environmental information mainly refers to
the ecological impact of the COVID-19 pandemic, and the health information refers to the
public health impact of COVID-19 events.

Currently, the literature on which intervention, healthy information, or environmental
information is more conducive to PEB is still relatively limited. In a study of energy
consumption, using a sample of 120 UK household energy consumption data, Brandon and
Lewis found that environmental information was more conducive to promoting household
energy saving behavior than monetary information [56]. Castellari et al. found that health
information was the main driver of willingness to pay, after conducting a study on the
impact of health-related and environment-friendly related product information on the
willingness to pay for functional foods [57]. There is also evidence that health-framed
information may be more attractive than environmentally-framed information [58].

Therefore, to test which information content framework is more conducive to PEB in
the context of the COVID-19 pandemic, health or environmental information, we propose
hypothesis H1:

H1. The information content framework promotes public PEB decision-making, and the healthy
information framework is more effective than environmental information.

2.2. Information Loss–Gain Framework

In the fields of energy conservation and environmental protection, the application of
the loss–gain framework has had an uplifting effect [59,60]. The framework assumptions of
prospect theory state that the impact of the information presented on the behavioral decision
is different, between the costs of engaging in risky behavior (i.e., the loss framework) or
the benefits of avoiding risky behavior (i.e., the gain framework) [61,62]. When confronted
with information about gains or benefits, people usually choose to avoid risk and reduce
the loss of benefits, whereas when confronted with information about losses, they tend to
choose to take risks and minimize losses. In our study, the gain framework was defined
as the benefit to the environment or health resulting from the COVID-19 pandemic, and
the loss framework as the negative impact to the environment or health resulting from the
COVID-19 pandemic.

The loss–gain framework information has been found in studies on predicting dis-
ease [63], health management [64], and climate change [65]. In recent years, the impact of
the information loss–gain framework on public emotions and behaviors has also received
increasing academic attention. Nabi et al. used a meta-analysis to analyze the literature on
the impact of emotions on the loss–gain framework in 25 studies, and they found that the
information loss–gain framework directly influenced subjects’ emotional responses, with
the gain framework inducing positive emotions and the loss framework inducing negative
emotions [66]. Mays and Zhao studied the impact of loss–gain framework information
on young adult women’s intention to indoor tanning (IT), and they found that loss–gain
framework information reduced women’s IT behavioral intentions by increasing fear [67].
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Ort et al. examined the effects of a single gain and loss framework vs. a combined gain–loss
framework on sun protection intentions and sun protection behaviors, and they suggest
that mixed-framework or pure loss framework information was more likely to increase
health behavioral intentions than pure gain framework information [68]. However, in a
neutral framework control condition, after examining the effects of air conditioning use
among students in Japanese university dormitories, Iwasaki et al. found no significant
difference between the energy use of students who received loss framework information or
gain framework information [69].

Although studies have confirmed the positive effects of the information loss framework
on promoting PEB, there is still debate on which is more effective, the information gain
framework or the information loss framework. Through an inter-group experiment, Dai
et al. found that for interdependent individuals, the gain framing message has more positive
influence on the intention of green consumption behavior, whereas the loss framing can
better promote independent individuals’ willingness [70]. Bager and Mundaca proved that
loss framework information can result in a significant reduction (7–11%) in daily energy
demand [71]. Ghesla et al. found in the study of a household electricity saving experiment
that the loss of framework was able to reduce household electricity use by 5% compared
with a control group [72]. Ropret and Knežević found that the loss framework was more
effective in changing behavior and intentions in a study of the effect of framework effects
on PEB decision-making [73]. However, Kim, S.-B. and Kim, D.-Y. [74] found that the gain
framework was better at influencing the PEB (i.e., visit intentions and water and energy
savings) of hotel guests compared with the loss framework.

Thus, it is valuable for us to further explore which information framework is more
effective in promoting public PEB in the context of the COVID-19 pandemic. Though
the loss framework information leads to stronger negative emotions, it should be consid-
ered as more controlled than gain framework information [75]. Therefore, we propose
hypothesis H2:

H2. The information loss–gain framework promotes public PEB decision-making, and the effect of
loss framework information is stronger than that of the gain framework.

2.3. Coupling Information Intervention

Coupling information interventions (CIIs) are strategies that combine two or more
different single information frameworks to promote public PEB. Coupling information
interventions are thought to promote PEB in individuals better than single information
campaigns or information feedback [16,76]. Delmas et al. suggested a 7.4% reduction in
average individual electricity consumption by conducting a meta-analysis of 156 studies
from 1975 to 2012 on energy-saving experiments based on information interventions [77].
Using meta-analysis techniques to synthesize 42 residential energy-saving experiments
published between 1977 and 2014, Mi et al. found that information interventions had a
positive effect on residential energy-saving behavior, but that different information frame-
works resulted in significantly different energy savings, and that coupling interventions
were more effective than single interventions [78]. Thondhlana and Kua [79], after us-
ing an experimental study of 103 households in South Africa, found that the combined
intervention was more effective in promoting energy-savings than the individual interven-
tions. Therefore, compared to the single information intervention effects of the information
loss–gain and information content frameworks, the effectiveness of coupling information
interventions of the two information frameworks is more worthy for exploring.

The PEB decision-making in this study involves multiple spheres, including the private
sphere, work organizations, and public places. Unlike household users, the contribution of
individuals, organizations and public places to energy-saving and environmental protec-
tion cannot be measured. Moreover, the benefits from energy-saving are shared externally.
This results in a lack of strong motivation for people to actively implement PEB. Hence,
the coupling information intervention of the information loss–gain framework and the
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information content framework seems to be more important. Therefore, the research ques-
tion of this study is presented as whether coupling information interventions between
the information loss–gain framework and the information content framework can help to
promote individuals’ PEB choices. Which coupling intervention strategy is more effective?
A 2 (an information gain framework and an information loss framework) × 2 (an informa-
tion healthy framework vs. an information environmental framework) between-subjects
experiment is set up to test the effectiveness of four intervention strategies, which couple
an information loss–gain framework (loss framework vs. gain framework) with an informa-
tion content framework (healthy information vs. environmental information) in promoting
public PEB. Thus, we propose hypothesis H3:

H3. Interventions coupling the information loss–gain framework with the information content
framework can significantly promote the public PEB decision-making, and there are significant
differences in the effectiveness of the different coupling approaches.

H3a. Environmental gain information can significantly contribute to the public PEB decision-making.

H3b. Environmental loss information significantly promotes the public PEB decision-making.

H3c. Healthy gain information significantly promotes the public PEB decision-making.

H3d. Healthy loss information significantly promotes the public PEB decision-making.

3. Method
3.1. Experimental Subjects

Due to the impact of the epidemic, offline experiments have been hampered, so our
experiments were conducted online. Compared with offline experiments, the collection of
samples for online experiments is not restricted by time and location, which makes it easier
and faster, and reduces the waste caused by the inability to recollect in offline scenario.

Before the beginning of experiment, the sample size required for the experiment is
calculated by G*Power 3.1, and we use a two-factor ANOVA. In G*Power 3.1, the two-factor
ANOVA requires the setting of values for effect size, alpha, and test effectiveness power.
The effect size (d) is divided into small (0.1), medium (0.25), and large (0.4) effects, where
a larger effect size indicates a smaller overlap between the two aggregates and a more
significant effect. To ensure the accuracy and reliability of the experiment, we set the effect
size to 0.4 for the large effect. α is the confidence interval, generally set at 0.05, and the test
power is generally set at the lower limit of 0.8. In this experiment, the four information
intervention strategies formed by the coupling of the information loss–gain framework and
the information content framework are the independent variables, so the number of groups
is set to four, and the total sample size is greater than or equal to 280 to meet the statistical
requirement [80]. Considering that this study divided PEB into three spheres: home sphere,
workplace, and public sphere, a total of 320 volunteers were recruited for this study; the
group of students with no work experience and the retired and non-working staff were not
included. To increase the motivation of the participants, the staff informed them before the
experiment started that they would be rewarded if they passed the audit. In the end, a total
of 318 people participated in this experiment, and 292 valid samples were obtained after
excluding the samples that took too short a time for the whole experiment. The sample size
requirement was met. The sample structure is shown in Table 1.
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Table 1. Participant’s Descriptive Statistical Analysis Results.

Variable Category N Percentage Variable Category N Percentage

Gender
Male 143 49%

Education
level

Below junior high school 5 1.7%

Female 149 51% Senior high school or
secondary school degree 17 5.8%

Monthly
household

income

<3000 RMB 28 9.6% Bachelor degree 155 53.1%
3000–5000 RMB 46 15.8% Graduate degree 115 39.4%

5000–10,000 RMB 73 25.0%

Age

<20 2 0.7%
10,000–20,000 RMB 98 33.6% 20–30 122 41.8%
20,000–50,000 RMB 34 11.6% 31–40 81 27.7%

>50,000 RMB 13 4.4% 41–50 56 19.2%

Occupation

Engineer 51 17.5% >50 31 10.6%

Staff working in
non-profit

organizations such as
scientific research,
education, medical

care and other fields

79 27.1%

Number of
family

members

1 12 4.1%

Enterprise manager 55 18.8% 2 26 8.9%
General workers or
service personnel 14 4.8% 3 119 40.8%

Government staff 17 5.8% 4 80 27.4%
Freelancers 14 4.8%

>5 55 18.8%Others 62 21.2%

3.2. Experimental Design

This experiment aimed at testing whether and how the COVID-19 pandemic infor-
mation frameworks could facilitate public PEB decision-making more effectively. The
experiment used the public PEB decision-making in different spheres, such as the private
sphere, organizations, and public places, as the dependent variable. Additionally, the
four information intervention strategies formed by coupling the information loss–gain
framework with the information content framework are the independent variables. The
experimental design is shown in Figure 1. A total of four experimental groups were de-
signed to provide environmental gain information, environmental loss information, healthy
gain information, and healthy loss information, respectively. Among them, environmental
gain information refers to information about the positive outcome or positive effect of
the COVID-19 epidemic event on the environment; environmental loss information refers
to information about the loss or negative effect of the COVID-19 epidemic event on the
environment; healthy gain information refers to information about the positive outcome or
positive effect of the COVID-19 epidemic event on people’s health; healthy loss information
refers to information about the loss or negative effect of the COVID-19 epidemic event on
people’s health. The contents of the four information intervention strategies are shown in
Table 2.

The measurement of public PEB decision-making is carried out through decision-
making on the allocation of environmental credits. This is done by giving the public
100 initial points and informing them that they need to allocate all 100 points to four
accounts: an individual money account, an individual environmental account, an organiza-
tional environmental account, and a public environmental account. The number of points
in the individual environmental account represents the extent to which the participant is
practicing PEB in the private sphere, and will be used for the purchase of environmental
products by the individual (e.g., bus or metro card, eco-friendly shopping bag). The number
of points in an organization’s environmental account represents the extent to which the
participant has practiced PEB in the organization’s sphere, and will be donated to the
individual’s business or organization to carry out environmental activities or purchase en-
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vironmentally friendly products. The number of points in a public environmental account
represents the extent to which the public practiced PEB in the public sphere, and will be
donated to public welfare projects through the China online charity platform.
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Table 2. The contents of the four information intervention strategies.

Name Information Intervention Specifics

Environmental gain
information

From January to November 2022, the proportion of good air days in China’s 339 cities was 86.8%, up
4.8 percentage points from 2019; in 2021, Beijing had an average of 5.5 good PM2.5 days out of 7 days
per week, compared to 4.6 days in 2019. Under the regular epidemic prevention and control
measures, air quality has been significantly improved as a result.

Environmental loss
information

Data released by the Ministry of Ecology and Environment of the People’s Republic of China shows
that in 2021, a total of 1.4 million tons of medical waste will be generated nationwide, of which
211,000 tons will be involved in epidemics, an increase of 18.6% and 11.1% over 2019 and 2020,
respectively. If we do not learn from the lessons of the epidemic and protect the environment while
fighting it, a new crisis of ecological degradation or environmental pollution will come.

Health gain information

Data from the Chinese Centre for Disease Control and Prevention shows that the number of influenza
cases in China from 1.14 million in 2020 to 420,000 in 2021. In the context of the COVID-19 pandemic,
the concept of wearing masks and washing hands regularly to prevent epidemics has been
significantly strengthened.

Health loss information
WHO data showed that as of 31 March 2022 Beijing time, the COVID-19 pandemic has caused
486,149,869 confirmed cases and 6,160,787 deaths worldwide. This shows that the health threat posed
to us by the COVID-19 pandemic is enormous.

3.3. Experimental Procedure

To ensure the validity of the random grouping and a balanced sample across ex-
perimental subgroups, participants were assigned into an experimental group randomly
by selecting their month of birth (January–March/April–June/July–September/October–
December) upon entry into the experiment. The experimental process was divided into
three phases.

In the first stage, the public PEB decision-making before the information intervention
was tested. In this phase, participants were given an individual account with 100 initial
points and told that they needed to allocate all 100 points to four different accounts ac-
cording to their true intentions. The purpose of each account is shown in Table 3. After
confirming understanding the function of each account, participants allocated the points.
They could proceed to the next stage if, and only if, the sum of points allocated to the
4 accounts was 100.
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Table 3. Definitions of the four types of accounts.

Account Name Account Definition

Individual Money Account The points allocated to this account are at the disposal of the individual, but not for
environmental expenditure

Individual Environmental
Account

The points allocated to this account will be used for personal purchases of environmental
products (e.g., bus or metro cards, environmental shopping bags)

Organizational Environmental
Account

The points allocated to this account will be donated to companies or organizations to carry out
environmental activities or purchase environmental products

Public Environmental Account The points allocated to this account will be donated to charity projects through the Alipay
platform (building wildlife sanctuaries, launching blue sky campaigns, etc.)

In the second stage, each of the four groups of subjects were provided with the
corresponding information framework intervention on the effects of COVID-19 pandemic.
After the subjects had received the information intervention, changes in their PEB decision-
making following the information intervention were tested. To enter this phase, participants
in each of the four groups were first provided with four types of information materials:
health gain information, healthy loss information, environmental gain information, and
environmental loss information. Participants in each group were reminded of reading
the information materials carefully. After reading, participants were awarded 100 points
again and re-started the point allocation decision process, where these 100 points were
allocated to four accounts: individual money account, individual environmental account,
organizational environmental account, and public environmental account, and, as the same
as the first stage, the sum of points in four accounts had to be 100 so that they could move
on to the next stage.

In the third stage, participants completed the experiment by filling in their personal
basic information and submitting it. Personal basic information, including gender, age,
education level, number of family members, monthly household income, occupation, etc.,
was collected.

4. Experimental Data Analysis and Results
4.1. Analysis of Variance of Subjects’ PEB Decision-Making before the Experiment

To ensure the internal validity of the experiment, the validity of the random grouping
of the experiment needed to be tested. Before the experiment, all participants were asked
to allocate 100 initial points to the four accounts, and a test of between-group differences
was conducted based on the allocation results. If the between-group differences between
the four groups were not significant, the random grouping was valid.

The number of points allocated by participants to their individual money account,
individual environmental account, organizational environmental account, and public
environmental account represented their decision on whether to be environmental or not
and in which area to invest in environmental protection. We tested the validity of the
randomized grouping using a one-way ANOVA with the four information framework
conditions as independent variables, and the results of the points were allocated to each
account in the pre-test stage of the four groups as dependent variables. The results showed
that there were no significant group differences in the allocation of points across accounts
in the four experimental groups in the pre-test stage and that the randomized grouping
was valid. This provided a good antecedent condition for the subsequent experimental
intervention. Details of the results are shown in Table 4.
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Table 4. Between-group difference test for initial point allocation for participants in the four pre-test
groups.

Dependent
Variable Independent Variable N Mean SD F-Test Value p-Value

Individual
Money Account

Environmental gain information 69 53.17 24.651

1.047 0.372
Environmental loss information 61 48.97 27.194

Healthy gain information 80 49.90 28.531
Healthy loss information 82 45.38 28.007

Total 292 49.21 27.236

Individual
Environmental

Account

Environmental gain information 69 19.64 13.605

0.983 0.401
Environmental loss information 61 23.39 16.022

Healthy gain information 80 20.39 13.301
Healthy loss information 82 19.96 13.114

Total 292 20.72 13.930

Organizational
Environmental

Account

Environmental gain information 69 13.17 11.061

0.791 0.500
Environmental loss information 61 12.38 10.162

Healthy gain information 80 13.20 11.671
Healthy loss information 82 15.10 11.720

Total 292 13.55 11.231

Public
Environmental

Account

Environmental gain information 69 14.01 15.120

1.569 0.197
Environmental loss information 61 15.26 14.699

Healthy gain information 80 16.51 15.474
Healthy loss information 82 19.56 19.675

Total 292 16.52 16.587

4.2. Analysis of the Effects of 4 Information Frameworks on the Public PEB Decision-Making

To examine the effect of four different COVID-19 pandemic event information frame-
works on the intervention of the public PEB decision-making, this study conducted a
paired-samples t-test using SPSS, and the results are shown in Table 5. Overall, all four
information frameworks significantly promoted the public PEB decision-making to invest
in environmental accounts and reduced the investment in individual money accounts.
However, the effects of the four information frameworks differed significantly for different
areas of environmental protection inputs. Thus, hypothesis H3 was valid.

Table 5. Table of paired sample t-test results of different information frameworks on different spheres
of the public.

Dependent
Variable Information Interventions N Mean SD Uniform

Deviation t p

Individual
Money

Account

Environmental gain information
(pre-intervention) 69 53.17

16.697 −9.275 4.614 0.000Environmental gain information
(post-intervention) 69 43.90

Environmental loss information
(pre-intervention) 61 48.97

15.840 −13.313 6.515 0.000Environmental loss information
(post-intervention) 61 35.75

Healthy gain information (pre-intervention) 80 49.90
12.498 −9.2000 6.584 0.000Healthy gain information (post-intervention) 80 40.70

Healthy loss information (pre-intervention) 82 45.38
13.214 −7.976 5.465 0.000Healthy loss information (post-intervention) 82 37.40



Int. J. Environ. Res. Public Health 2023, 20, 3721 11 of 20

Table 5. Cont.

Dependent
Variable Information Interventions N Mean SD Uniform

Deviation t p

Individual
Environmental

Account

Environmental gain information
(pre-intervention) 69 19.64

10.824 3.884 −2.981 0.004Environmental gain information
(post-intervention) 69 23.52

Environmental loss information
(pre-intervention) 61 23.39

12.317 2.131 −1.351 0.182Environmental loss information
(post-intervention) 61 25.53

Healthy gain information (pre-intervention) 80 20.39
10.439 1.000 −0.857 0.394Healthy gain information (post-intervention) 80 21.39

Healthy loss information (pre-intervention) 82 19.96
9.048 0.159 −0.159 0.874Healthy loss information (post-intervention) 82 20.12

Organizational
Environmental

Account

Environmental gain information
(pre-intervention) 69 13.17

8.456 1.145 −1.125 0.265Environmental gain information
(post-intervention) 69 14.32

Environmental loss information
(pre-intervention) 61 12.38

9.002 2.401 −2.091 0.041Environmental loss information
(post-intervention) 61 14.79

Healthy gain information (pre-intervention) 80 13.20
10.458 3.863 −3.304 0.001Healthy gain information (post-intervention) 80 17.06

Healthy loss information (pre-intervention) 82 15.10
11.904 2.390 −1.818 0.073Healthy loss information (post-intervention) 82 17.49

Public
Environmental

Account

Environmental gain information
(pre-intervention) 69 14.01

14.446 4.246 −2.442 0.017Environmental gain information
(post-intervention) 69 18.26

Environmental loss information
(pre-intervention) 61 15.26

13.801 8.672 −4.908 0.000Environmental loss information
(post-intervention) 61 23.93

Healthy gain information (pre-intervention) 80 16.51
13.999 4.338 −2.771 0.007Healthy gain information (post-intervention) 80 20.85

Healthy loss information (pre-intervention) 82 19.56
15.639 5.427 −3.142 0.002Healthy loss information (post-intervention) 82 24.99

In terms of inputs to individual environmental accounts, environmental gain infor-
mation significantly contributed to the public PEB decision-making (t = −2.981, p = 0.004),
whereas environmental loss information (t = −1.351, p = 0.182), healthy gain information
(t = −0.857, p = 0.394), and healthy loss information (t = −0.159, p = 0.874) had no significant
effect on PEB decision-making in the private sphere.

In terms of organizational environmental account inputs, environmental loss informa-
tion (t = −2.091, p = 0.041) and healthy gain information (t = −3.304, p = 0.001) significantly
contributed to public PEB decision-making. However, environmental gain information
(t = −1.125, p = 0.265) and healthy loss information (t = −1.818, p = 0.073) did not have
significant effect on both the public and private sphere.

In terms of public environmental account inputs, environmental gain information
(t = −2.442, p = 0.017), environmental loss information (t = −4.908, p = 0.000), healthy gain
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information (t = −2.771, p = 0.007), and healthy loss information (t = −3.142, p = 0.002) all
significantly contributed to the public’s pro-environmental behavioral input.

In summary, all four information frameworks significantly contribute to the public’s
behavioral decision-making to invest in environmental accounts. Environmental loss infor-
mation contributed most to the public PEB decision-making, followed by environmental
gain information, healthy gain information, and healthy loss information. See Table 5 and
Figures 2–5 for details.
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Figure 2. The impact of different information frameworks on the Individual Money Account.
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Figure 3. The impact of different information frameworks on the Individual Environmental Account.
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Figure 4. The impact of different information frameworks on the Organizational Environmental
Account.



Int. J. Environ. Res. Public Health 2023, 20, 3721 13 of 20

Int. J. Environ. Res. Public Health 2023, 20, x FOR PEER REVIEW 12 of 21 
 

 

 
Figure 2. The impact of different information frameworks on the Individual Money Account. 

 
Figure 3. The impact of different information frameworks on the Individual Environmental Ac-
count. 

 
Figure 4. The impact of different information frameworks on the Organizational Environmental Ac-
count. 

 
Figure 5. The impact of different information frameworks on the Public Environmental Account. 

53.17 
48.97 49.90 

45.38 43.90 
35.75 

40.70 37.40 

0.00

10.00

20.00

30.00

40.00

50.00

60.00

Environmental gain information Environmental loss information Healthy gain information Healthy loss information

The 
Individual 

Money 
Account

pre-intervention post-intervention

19.64 
23.39 

20.39 19.96 
23.52 

25.53 
21.39 20.12 

0.00

5.00

10.00

15.00

20.00

25.00

30.00

Environmental gain information Environmental loss information Healthy gain information Healthy loss information

The
Individual

Environmental
Account

pre-intervention post-intervention

14.01 15.26 16.51 
19.56 18.26 

23.93 
20.85 

24.99 

0.00

5.00

10.00

15.00

20.00

25.00

30.00

Environmental gain information Environmental loss information Healthy gain information Healthy loss information

The
Organizational 
Environmental 

Account

pre-intervention post-intervention

13.17 12.38 13.20 
15.10 14.32 14.79 

17.06 17.49 

0.00

5.00

10.00

15.00

20.00

Environmental gain information Environmental loss information Healthy gain information Healthy loss information

The 
Public 

Environmental 
Account

pre-intervention post-intervention

Figure 5. The impact of different information frameworks on the Public Environmental Account.

4.3. Factorial Analysis of the Information Content Framework and the Information Loss–Gain Framework

In the previous steps, we found that among the coupling interventions of the informa-
tion loss–gain framework and the information content framework, the effects of all four
coupling interventions on the public PEB decision-making were significant. To further test
which information framework is more effective in intervening in the public PEB, we used a
factorial analysis.

The first chi-squared test was conducted with the different information frameworks as
the independent variables and the public PEB decision-making as the dependent variables.
The results of the chi-squared test were F = 1.947, p = 0.122, which passed the test and
allowed for the continuation of the univariate analysis of variance (ANOVA).

The purpose of the univariate ANOVA was to determine whether there was an inter-
action effect between the information loss–gain framework and the information content
framework. The results of the univariate analysis of variance are shown in Table 6: the
interaction between the loss–gain information framework and the content framework was
not significant (F = 0.411, p = 0.522), so the effects of the two information frameworks on
the public PEB decision-making were relatively independent, suggesting that a change in
the level of one type of information did not affect the effect of the other. Therefore, we
conducted a main effectiveness test.

Table 6. Inter-subject effects test.

Source Class III Sum
of Squares df Mean Square F-Value Sig. Partial Eta

Square

Modified model 13.984 a 3 4.661 1.281 0.281 0.013
Intercept distance 16,405.382 1 16,405.382 4509.397 0.000 0.940

Information loss–gain framework 13.307 1 13.307 3.658 0.057 0.013
Information content framework 0.035 1 0.035 0.010 0.922 0.000

Information loss–gain × Information
content 1.497 1 1.497 0.411 0.522 0.001

Error 1047.756 288 3.638
Total 17,667.000 292

Total after amendment 1061.740 291
a R-square = 0.013 (adjusted R-square = 0.003). Note: according to Cohen (1988), partial eta square >= 0.14
represents a large effect, 0.14 > partial eta square >= 0.06 a medium effect, and 0.06 > partial eta square >= 0.01 a
small effect.

The main effects analysis examines the extent to which a single factor affects the
dependent variable. When the interaction effect is not significant, we can directly assess
the magnitude of the effect of the independent variable on the dependent variable by
checking whether its main effect is significant or not. The results of the main effects test
are shown in Table 7. The effect of the information loss–gain framework on the public
PEB decision-making is significant at the 10% level (F = 3.658, p = 0.057 < 0.1), and the
effect of the information loss framework (M = 7.764, SD = 0.161) is greater than that of the
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gain framework (M = 7.334, SD = 0.157). Thus, hypothesis H2 is valid. The information
content framework (F = 0.010, p = 0.922 > 0.1) had a non-significant effect on the public PEB
decision-making, so hypothesis H1 is not valid.

Table 7. Main effects test.

Independent
Variable 1

Independent
Variable 2

F Sig. Partial Eta
Square Mean SD

95% Confidence Interval
Low High

Information
loss-gain framework

Gain framework
3.658 0.057 0.013

7.334 0.157 −0.873 0.013

Loss framework 7.764 0.161 0.013 −0.873

Information content
framework

Environmental
information

0.010 0.922 0.000
7.560 0.168 −0.420 0.465

Healthy
Information 7.538 0.150 0.465 −0.420

5. Discussion

The objective of this experimental study was to investigate whether and how the
framework effect of information on major PHEs can be used to promote PEB. Using the
COVID-19 pandemic as a case, we bridged the gap between behavioral intentions and
actual behavior. We designed the information about the COVID-19 pandemic into two
information loss–gain frameworks (a gain framework and a loss framework) and two
information content frameworks (environmental information and healthy information),
and then coupled these two information frameworks to form four different information
interventions. A pre- and post-test control experiment was conducted to measure changes
in participants’ PEB decision-making when they were exposed to different information
interventions. The results showed that all four information frameworks significantly pro-
moted public PEB decision-making, but the effect of the different information frameworks
on PEB decision-making in the three spheres differed significantly, which provided a new
perspective on how to turn crises into opportunities to promote public PEB in the context
of major PHEs.

First, even though all four coupling COVID-19 event information frameworks pro-
moted public PEB decision-making, the effects of the different information frameworks
differed significantly. Among them, environmental loss information had the greatest ef-
fect on promoting PEB decision-making by the public, followed by environmental gain
information, healthy gain information, and healthy loss information plays the least role.
This is similar to the findings of Ghesla et al. [72], an electricity-saving experiment on
1,636 households in a German region, which found that pro-environmental incentives
combined with loss framework information saved 5% of electricity consumption per month
compared to the control group. The study by Kahneman et al. found that, according to
the Loss Aversion Theory, the emotional response that occurs when people are confronted
with an immediate loss signal leads them to decide their inclination under conditions of
uncertainty [61]. Driven by this thought, people will mostly respond more to losses when
faced with equivalent gains and losses. Since the outbreak of COVID-19 pandemic in
2020, more than two years of prevention and control of the epidemic so far have made
people nostalgic for the old days before the pandemic. The enormous changes and negative
impacts on the environment and public life brought about by the COVID-19 pandemic are
impressive. This is probably the most significant reason why information on environmental
losses contributes to public PEB decision-making.

Secondly, there were significant differences in the effect of the different information
frameworks in the three environmental spheres. Only the effect of environmental gain infor-
mation was significant for PEB decision-making in the private sphere (t = −2.981, p = 0.004),
whereas the effects of the other three information frameworks were not significant. One
possibility is that PEB in the private sphere is an act of environmental protection that
individuals voluntarily spend time and effort on [81]. The public can have a direct positive
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impact on the environment through PEB in the private sphere [82,83], resulting in the sense
of contribution and environmental moral credibility [84]. Compared to other information,
the public’s self-perception of the environmental gains arising from the implementation of
PEB in the private sphere is more direct, and, thus, environmental gain information has a
greater impact on the private sphere of public PEB decision-making.

For PEB decision-making in the organizational sphere, environmental loss information
(t = −2.091, p = 0.041) and healthy gain information (t = −3.304, p = 0.001) significantly
contributed to public PEB in this sphere, whereas the effects of environmental gain informa-
tion and healthy loss information were not significant. This may be due to the long period
of working from home caused by the epidemic. Moreover, the negative environmental
information, as well as information about the impact on people’s health imposed by the
COVID-19 pandemic, caused people to reflect on the situation, and they also realized the
harm caused by environmental degradation and the importance of health. More people
began to focus on maintaining a healthy lifestyle and improving their immunity. Therefore,
the impact of environmental loss information and health gain information is greater.

In the public sphere, all four information frameworks significantly contribute to public
PEB decision-making. In a time when epidemics are a regular occurrence, it is evident
that the public is more willing to engage in PEB in the public sphere due to concerns
about the epidemic. Furthermore, PEB in the public sphere is directly oriented toward the
environment and sustainable development. The public’s influence on the public sphere may
profoundly influence and change the behavior of others or organizations [82,83]. Therefore,
the public is more inclined to discipline environmentally destructive behavior out of strong
environmental claims during an epidemic. This shows that using the epidemic event as an
opportunity to promote public PEB through event information management is a potential
new path. Additionally, through different information frameworks, individuals can be
targeted to promote the adoption of PEB in different areas.

Third, the factorial analysis found that the interaction effect of the information loss-
gain framework and the information content framework on public PEB decision-making
was not significant (F = 0.411, p = 0.522). The information loss–gain framework played
a main role in the public PEB decision-making. In contrast, the effect of the information
content framework was not significant and, of the effects of the information loss–gain
framework on public behavioral decision-making, the loss framework outweighed the
gain framework. This is similar to the results of previous studies [72,73]. According to
prospect theory, the loss framework is more effective in changing risky behaviors and the
gain framework is more effective in changing behaviors that are perceived as safe [85–87].
In general, when people encounter negative events, these events have a greater impact on
them than positive events. Moreover, people usually process negative information more
quickly and efficiently than positive information [88]. Some scholars have explained this
difference from an evolutionary perspective, suggesting that ignoring negative signals is
a greater threat to survival than ignoring positive signals [89]. This suggests that in the
context of the COVID-19 pandemic, people are becoming increasingly aware of the dangers
of environmental damage and the importance of environmental protection. The COVID-19
pandemic has brought about a 5% drop in global CO2 emissions [10,90], which has had
a positive impact on the environment and a temporary gain. The COVID-19 pandemic
has also caused widespread environmental pollution, with an estimated 129 billion masks
and 65 billion gloves used globally each month [91]. In addition, personal protective
equipment (PPE) and packaging materials are widely used to prevent the spread of COVID-
19 pandemic, but are often poorly managed, generating large amounts of plastic waste [92].
Therefore, people are more willing to reduce the environmental or health hazards caused
by COVID-19 by implementing environmental behaviors.

Fourth, inconsistent with our expectations, the factorial analysis found that neither
single environmental information nor healthy information had a significant effect on pub-
lic PEB decision-making. Previous studies have shown that information alone has little
influence on long-term energy conservation behavior and the presentation of behavioral
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outcomes [47,77]. Steinhorst and Klöckner’s [93] study demonstrate that a single envi-
ronmental information framework does not affect long-term PEBchange. Geng et al. also
found in an experimental study of non-motorized travel by vehicle owners that providing
environmental information had no significant effect on encouraging non-motorized travel
by vehicle owners, but that combining it with health information promoted increased walk-
ing and cycling time in the short term [94]. Thus, as the COVID-19 pandemic spreads and
persists globally, single healthy information and single environmental information about
environmental protection can no longer be strong predictors of people’s implementation of
PEB. In contrast, individuals’ PEB is more likely to be influenced by a sense of norm and
responsibility [95]. In conjunction with Horng and Heidbreder [95,96], a possible reason for
the research on the role of information in promoting environmental behavior is that single
environmental information and single health information can stimulate public awareness
of environmental protection, as well as increase public perceptions of PEB. However, it
is difficult to turn them into specific PEB decision-making. Another reason is that the
perceived consequences of a single piece of environmental or health information are not
strong. It takes a combination of environmental and health information to get enough
attention from participants and to pay for changes in behavioral decision-making.

6. Conclusions

Through an online pre-and post-test control experiment, this study investigated the ef-
fects of four information frameworks effects of different PHE information on the public PEB
decision-making, using the COVID-19 pandemic as a case. The study coupled the informa-
tion loss–gain and information content frameworks to form four information intervention
strategies, as well as measured and analyzed the effects of PEB decision-making in the form
of environmental credit allocation. The results found that all four coupling information
frameworks significantly contributed to the implementation of public PEB. However, there
were significant differences in the effects of different information frameworks on individual
PEB decision-making in the private, organizational, and public spheres. Further factorial
analysis reveals that there is no interaction between the information content framework
and the information loss–gain framework. The information content framework does not
contribute significantly to changes in PEB decision-making. The information loss–gain
framework plays the dominant role, and the loss framework is significantly more effective
than the gain framework.

In the practical realm, this paper provides some new insights into how information
frameworks can be used to motivate the public to make PEB decision-making in the
context of major PHEs. First, in the context of major PHEs, government departments and
environmental management agencies need to make use of the framework effect of event
information in environmental information dissemination, especially in the environmental
loss information related to PHEs as the focus of information design for playing an active
role in promoting public PEB decision-making. Second, in organizational units, in the
context of major PHEs, environmental loss information and healthy gain information
needs to be highlighted to promote public PEB in organizations. Thirdly, for the private
sphere, such as households, policymakers should strongly advocate environmental gain
information associated with major PHEs to stimulate PEB in the private sphere.

Although this study yielded some positive and valuable findings, there are still some
limitations: (1) this study focused on the effects of the information loss–gain framework
and the information content framework in the design of information on the COVID-19
pandemic events. However, in the Internet era, the impact of different forms of information
(e.g., text, pictures, videos) on public behavior is also a point of concern. Therefore, different
forms of information can be further designed in future studies to test which information
form has a better effect on individual PEB and enrich the effect of information intervention.
(2) Due to the limitation of the sample size, we only examined the intervention strategies of
coupling the information content framework and the information loss–gain framework on
public PEB decision-making and did not consider the effect of a single piece of information.



Int. J. Environ. Res. Public Health 2023, 20, 3721 17 of 20

The effects of different information strategies on PEB can be further explored in future
studies. (3) Emotions have also been shown to influence public PEB. The use of emotions
as a mediating variable to investigate the relationship between information interventions
and environmental behavior are also worth for further investigation. (4) This study used
quantitative data to assess the effects of the experiment and did not collect qualitative
data through open-ended questions. In the future, qualitative data such as respondents’
views can be obtained through in-depth interviews to better analyze the psychological
cognitive processes behind the behavioral outcomes. In addition, future research could
further explore the influence of sociodemographic characteristics on PEB decision-making
under different information frameworks if the sample size is large enough.
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