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Abstract: The health of the population is the foundation of
social civilization and progress, and it is a common pursuit
among the general populace. With robust policy support,
China aims to shift the focus of healthcare from disease
treatment to prevention. Health education is a key strat-
egy in this shift. However, this approach faces numerous
challenges, including the application of fundamental health
education theories across diverse health issues, healthcare
systems, cultural contexts, and varying resource availabil-
ity. This paper aims to summarize and present several
theories related to health education, and then to discuss
their application and related suggestions in China. Firstly,
behavior change stages, social cognitive theory, the health
belief model, theories related to promoting and supporting
behaviors, locus of control, self-determination, the ecolog-
ical model, and expectancy-value theory are briefly inter-
preted. Secondly, research needs and challenges regard-
ing health education in China are discussed. Finally, using
dengue fever control as an example, the RE-AIM model —
standing for Reach, Effectiveness, Adoption, Implemen-
tation, and Maintenance — and the formative research
framework are employed to illustrate the methodology
for developing a tailored health education intervention
program.

Keywords: healthcare model; health education; theoreti-
cal framework; formative research; dengue fever; health
literacy

*Corresponding author: Jianwei Xu, Yunnan Institute of Parasitic Dis-
eases, Yunnan Provincial Key Laboratory of Vector-borne Disease Control
and Research, Yunnan International Joint Laboratory of Tropical Infectious
Diseases, Kunming 650500, Yunnan, China; and Basic Medical College, Dali
University, Dali 671000, Yunnan, China, E-mail: xjw426@163.com.
https://orcid.org/0000-0003-2769-819X

Introduction

The health of the people is the foundation of social civiliza-
tion and progress, an important symbol of national pros-
perity and strength, and a common pursuit of the general
populace. To enhance the health level of the entire Chinese
population, the Central Committee of the Communist Party
of China and the State Council issued the Healthy China
2030 Plan Outline on 25 October 2016. The outline proposes
strategic tasks in five areas: promoting healthy lifestyles,
optimizing health services, improving health security, build-
ing a healthy environment, and developing the health
industry [1]. On 15 July 2019, the State Council released the
Healthy China Action Plan (2019-2030), in which health
knowledge popularization is the first of 15 special cam-
paigns [2]. On 29 May 2024, the Three-Year Action Protocol
for Improving National Health Literacy (2024-2027) (here-
inafter referred to as “Three-Year Action Protocol”) along
with Health Literacy of Chinese Citizens — Basic Knowl-
edge and Skills (2024 Edition) were released. The protocol
aims to comprehensively and systematically enhance the
health literacy of the entire population [3, 4]. The Chinese
term “Jiankang Suyang” corresponds to the English terms
“health literacy” and “health cultivation.” Health literacy is
the degree to which individuals have the capacity to obtain,
process, and understand basic health information and ser-
vices needed to make appropriate health decisions. Health
cultivation refers to a holistic approach to maintaining and
improving health through various practices, including the
knowledge, skills, attitudes, and practices that individuals
possess, which enable them to understand and effectively
use health information and skills [5, 6].

Health education is an interdisciplinary approach that
integrates theories and methods from preventive medicine,
communication studies, sociology, education, behavioral
science, psychology, and social marketing. It supports
individuals and communities in enhancing health knowl-
edge, establishing appropriate health values, modifying
unhealthy behaviors and adopting healthier ones by mit-
igating unhealthy risk factors and ultimately integrating
them into daily habits or lifestyles. This is done with the
purpose of preventing diseases, actively pursuing health,
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and improving overall health levels [7-10]. Transitioning
healthcare from disease treatment to prevention highlights
the importance of health cultivation over mere knowledge
acquisition and disease management [7]. Health education
is foundational for improving understanding, promoting
healthy behaviors, facilitating interdisciplinary collabora-
tion, engaging the public, and supporting policy develop-
ment. The basic principles of health education are grounded
in theories of behavioral psychology, such as the health
belief model (HBM), social cognitive theory (SCT), and the
ecological model. These behavioral psychology theories are
widely used in developing health education interventions
to promote behaviors [11, 12]. The percentage of studies
utilizing these theories can vary, and the extent of their use
depends on the specific health issue being addressed and
the target population. However, there is a growing trend
towards incorporating behavioral psychology theories into
health education interventions to enhance their effective-
ness. This trend is driven by the recognition that theory-
based interventions are generally more effective in achiev-
ing desired health outcomes [13]. The application of these
theories also varies globally, reflecting differences in health-
care systems, cultural contexts, and resource availability.
In developed countries, these theories are widely inte-
grated into chronic disease management and infectious dis-
ease control programs. Their application is often supported
by health policies that encourage preventive care, robust
healthcare infrastructure, and access to digital health tech-
nologies. For example, interventions aimed at increasing
physical activity based on SCT among adults with multi-
ple sclerosis (MS) have documented that self-efficacy, goal-
setting, and social support significantly increased physical
activity among individuals with MS who experience fatigue
in the United States [14]. In developing countries, there is
a growing recognition of the importance of behavioral psy-
chology theories in managing chronic diseases and prevent-
ing infectious diseases. For example, a study on educational
intervention based on HBM documents found that the HBM
can improve behaviors related to the prevention of dengue
fever in southern Iran [15]. In developing regions such as
Africa, the application of these theories is less prevalent,
primarily due to limited healthcare resources and infras-
tructure [13, 16]. In public health, dengue fever is one of
the most challenging arboviral diseases to control globally
due to the lack of effective antiviral therapies and a highly
protective vaccine. Therefore, behavioral psychology the-
ories are crucial in designing effective health education
interventions for dengue fever control [17-21]. Based on the
situation analysis, this study aims to summarize the theoret-
ical framework of behavioral psychology and its application
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in explaining and predicting health-related problems and
influencing factors. It also discusses the research needs for
health education in China. Finally, dengue fever control is
used as a case study to illustrate how to design and conduct
formative research in developing and implementing a tai-
lored health education intervention program.

Basic theoretical frameworks of
health education

Theories related to the stages of behavior
change

In planning health education programs, it is essential to
thoroughly understand the stages of behavior change at
both individual and population levels. The transtheoretical
model and the precaution adoption process model describe
the stages individuals progress through, from lack of knowl-
edge and awareness to taking actions and maintaining
health behaviors as a lifestyle [22]. The diffusion of inno-
vations theory categorizes a population into five adopter
groups: innovators, early adopters, early majority, late
majority, and laggards, highlighting individual differences
within a community. These theories propose that designers
and educators of health education programs should com-
prehend the stages and adopter groups involved, from the
introduction of an innovation to the decision-making pro-
cess of the targeted population. Additionally, they should be
aware of the necessary actions required in health promo-
tion activities (Table 1) [21-25].

As emphasized by the World Health Organization,
intensified environmental management for vector control
and the early detection of individuals infected with the
dengue virus are two key strategies for controlling dengue
fever [26, 27]. The Dai people in Yunnan Province, South-
western China, are among the populations most affected by
dengue fever outbreaks in the country [28—31]. A health edu-
cation program targeting dengue fever control among the
Dai Ethnic Minority exemplifies the integration of behav-
ioral psychology theories into health education interven-
tions. This program is designed to reduce the breeding
habitats of Aedes spp. mosquitoes by engaging community
participation in environmental management. Additionally,
it aims to promote treatment-seeking behaviors among indi-
viduals suspected of having dengue fever, thereby facili-
tating early detection and isolation of dengue virus cases.
However, what is the current stage of behavioral innova-
tion adoption among the target population? What are the
current proportions of innovators, early adopters, early
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Table 1: Comparison of theories related to the stages of behavior change.

Transtheoretical model [20]?

Precaution adoption process model [23]?

Diffusion of innovations theory [21, 22]°

Level Individual Individual Population

Stage 1 Precontemplation: the individual is Unaware of the issue: the individual has no Five adopter groups of new behaviors:
not yet considering change or is knowledge of the health threat (1) Innovators;
unaware of the need to change (2) Early adopters;

Stage 2 Contemplation: the individual Unengaged by the issue: the individual is (3) Early majority;
recognizes the need for change and aware of the health threat but is not (4) Late majority;
is considering it but has not yet personally engaged or concerned (5) Laggards
committed to taking actions

Stage 3 Preparation: the individual is Deciding about acting: the individual is Five stages from innovation to decision:
planning to take action soon and considering whether to take actions but (1) Knowledge distribution;
may begin taking small steps toward has not yet made a decision (2) Persuasion;
behavior change (3) Decision-making;

Stage 4 Action: the individual actively Deciding not to act: the individual has (4) Implementation;
implements strategies to change decided not to take actions (5) Confirmation or consolidation
their behavior

Stage 5 Maintenance: the individual works to Deciding to act: the individual has decided Seven actions needed in health promotion
sustain the behavior change over to take actions activities:
time and prevent regression (1) Find sound innovations;

Stage 6 Termination: the individual has fully Acting: the individual is taking the (2) Find and support innovators;
integrated the new behavior into necessary steps to address the health (3) Invest in early adopters;
their lifestyle, and the risk of relapse threat (4) Make early adopter activity observable;
is minimal (5) Trust and enable reinvention;

Stage 7 Maintenance: the individual is maintaining (6) Create slack for change;

the behavior change over time

(7) Lead by example

aThese two models interpret the stages of how individuals develop their own behaviors. PThis theory explains how, why, and at what rate new ideas,

technologies, and behaviors spread through cultures within a population. It categorizes adopters of new behaviors into five groups based on their
readiness to adopt the innovation and proposes seven actions needed in health promotion activities.

majority, late majority, and laggards within this group? The
literature provides limited data [28, 29], but highlights a
significant challenge; for instance, only 36.8 % reported that
they would seek treatment for dengue fever from public
health facilities [20]. From the perspectives of the transthe-
oretical model and the precaution adoption process model,
most of the target population possesses a certain level of
knowledge and awareness about dengue fever. However,
there is a lack of data indicating that they have recognized
the need for behavior change and have actively engaged in
it. According to the diffusion of innovations theory, insights
from the public health sector suggest that current health
education activities are primarily focused on disseminating
knowledge.

SCT

The SCT, formerly known as social learning theory, posits
that behavior is determined by expectancies and incentives.
This theory explores how individuals learn new informa-
tion and adapt their behavior based on this knowledge,

including the acquisition and application of new infor-
mation in various contexts. Cognitive development, as
proposed by Piaget, includes four stages: sensorimotor,
preoperational, concrete operational, and formal opera-
tional stages. The SCT incorporates cognitive processes such
as attention, perception, memory, decision-making (moti-
vation), and action [32]. Individuals must pay attention
to a behavior, remember it, and possess the ability to
reproduce it. In these processes, perception refers to how
individuals interpret sensory information to make sense
of the world, based on their past experiences, expecta-
tions, and cultural background [33, 34]. For heuristic pur-
poses, the expectancies can be divided into the following
three types. The first type of expectancy involves beliefs
about environmental cues, specifically how events are inter-
connected, such as understanding what leads to what. In
dengue fever, individuals should recognize the connection
between their home and surrounding environment and
the transmission of the virus. They should also understand
the link between promptly seeking treatment for suspected
dengue fever and improved patient prognosis, as well as
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the relationship between early treatment and reduced fur-
ther transmission of the virus. Behavior is regulated by its
consequences, and individuals have the ability to interpret
and understand the outcomes of their actions. The second
type of expectancy, known as outcome expectations, refers
to beliefs about how an individual’s behavior is likely to
influence outcomes. In dengue fever, individuals should
believe that environmental management can reduce the
transmission of the dengue virus and that promptly seeking
treatment for suspected dengue fever can improve patient
prognosis and reduce further transmission to others, includ-
ing their relatives and friends. Here, the consequences, also
referred to as incentives or reinforcements, are defined as
the value of a particular object or outcome. These outcomes
may include health status, physical appearance, approvals
from others, economic gain, or other consequences. The
third type of expectancy, known as efficacy expectations or
self-efficacy, refers to an individual’s belief in their com-
petence to perform the behavior needed to influence out-
comes. Self-efficacy involves an individual’s confidence in
their ability to overcome obstacles, such as costs in terms
of money, time, and effort, to succeed in specific situations
or accomplish a task. High self-efficacy can enhance motiva-
tion and performance by influencing choices, effort, persis-
tence, and achievement. In dengue fever, the literature indi-
cates that actual actions by communities were often lack-
ing unless enforced by local government authorities. Envi-
ronmental management requires time and energy, which
can be significant barriers. Barriers to seeking treatment
for dengue fever at public health facilities with laboratory
testing include the perceived severity of the disease, lack of
information about where laboratory tests for dengue fever
are available, and insufficient recognition of the importance
of prompt diagnosis and early treatment. Other barriers
include the overuse of over-the-counter drugs, time costs
such as travel and waiting, and the financial expenditure
associated with diagnosis and treatment services for dengue
fever [20].

Beyond the issue of dengue fever, the theory can be
applied to broader areas such as chronic disease man-
agement, smoking cessation, and physical exercise. For
example, an individual who values the perceived effects
of lifestyle changes (incentives) will attempt to change if
they believe that their current lifestyle, such as dietary
habits, poses threats to their personally valued outcomes,
such as health or appearance (Type 1, environmental cues).
They must also believe that specific behavioral changes will
mitigate these threats (Type 2, outcome expectations) and
that they are personally capable of adopting new behaviors,
such as changing dietary habits (Type 3, self-efficacy) [32].
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HBM

The HBM is a prominent framework for guiding behav-
ioral change interventions. It is a psychological model used
to understand and predict individuals’ health behaviors
by focusing on their beliefs and attitudes [32]. The HBM
posits that health-related actions are influenced by four
core components of personal beliefs about health condi-
tions: perceived susceptibility, perceived severity, perceived
benefits, and perceived barriers. First, perceived suscepti-
bility refers to an individual’s belief about the likelihood
of acquiring a condition or disease. It involves the per-
ception that one is at the risk of developing an unhealthy
status. In the example, despite the government’s classifi-
cation of dengue fever as a major public health threat,
only a small proportion of the target population perceives
themselves to be at high risk. The low perceived suscepti-
bility among the Dai people highlights a significant barrier
to effective public health interventions and their engage-
ment [29]. Second, perceived threat or severity refers to
an individual’s beliefs about the seriousness of a health
condition and its potential consequences. This encompasses
the perception of one’s vulnerability to a significant health
issue and the possible sequelae of an illness. In the example,
respondents from the target population in the qualitative
study were not familiar with dengue hemorrhagic fever,
which is characterized by severe bleeding and circulatory
system failures. They had not heard about dengue fever-
related deaths in Yunnan Province, China, and only a lim-
ited number of respondents perceived the disease as seri-
ous. This lack of awareness might explain why some chose
self-medication by purchasing drugs from drug stores if
they suspected a dengue virus infection. Such behavior may
lead to delayed detection of dengue virus infection, poten-
tially causing further transmission and an epidemic. This
highlights a critical gap between the awareness of the tar-
get population and the health education provided [20, 29].
Third, perceived benefits refer to beliefs about the effec-
tiveness of taking actions to reduce risk or severity. This
involves the belief that adhering to a specific health recom-
mendation or practice would be advantageous in mitigating
the perceived threat at a cost deemed acceptable by the
individual. In dengue fever, the public health sector and
scientific community consider that environmental manage-
ment and early detection of dengue virus infection for rapid
response can prevent further transmission and potential
epidemics [20, 28, 29]. Therefore, the program recommends
promoting community-based environmental management
and encouraging early treatment-seeking behavior for
suspected dengue fever patients. Emphasizing perceived
benefits highlights the importance of communicating the
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advantages of preventive measures to encourage public
compliance and reduce the risk of dengue virus trans-
mission. However, data on the target population’s beliefs
regarding the effectiveness of environmental management
and early treatment-seeking are still lacking. Fourth, adopt-
ing a new behavior or modifying an existing one often
incurs costs, which can be physical, emotional, or finan-
cial. Within the framework of health behavior theories,
perceived barriers are the potential negative aspects or
costs associated with taking actions. Addressing these per-
ceived barriers is crucial for facilitating behavior change
and ensuring adherence to health recommendations. To
adhere to health recommendations, these perceived barri-
ers must be identified and overcome [30]. In the example,
some individuals within the target population are unable to
overcome the barriers to effective environmental manage-
ment. A qualitative study identified three barriers to early
treatment for suspected dengue fever patients in public
health facilities with laboratory testing: the high accessibil-
ity and convenience of over-the-counter drugs, the lengthy
time required to seek treatment in public health facilities,
and increased financial costs due to unnecessary laboratory
tests or physical examinations [20]. Addressing these barri-
ers is crucial for improving early treatment-seeking behav-
ior and effective environmental management in dengue
control efforts.

The traditional HBM focused on specific preventive
actions, such as accepting immunizations and participat-
ing in screening programs. This focus may explain why
the HBM initially overlooked the concept of self-efficacy.
Actions that involve altering lifelong habits related to diet,
smoking, maintaining a healthy environment, and using
bed nets in hot weather are substantial and more complex
than a one-time screening or immunization. These actions
require confidence in one’s ability to change. For success-
ful behavioral change, individuals must have an incen-
tive to act, feel threatened by their current behaviors, and
believe that change will lead to a valued outcome at an
acceptable cost. More importantly, individuals must also
feel competent (self-efficacious) to make the change. The
SCT initially emphasized self-efficacy, recognizing its criti-
cal role in initiating and maintaining complex behavioral
changes. Increasingly, researchers acknowledge the impor-
tance of self-efficacy in health behavior change, and its
incorporation into the HBM is now widely accepted [32, 34].
The inclusion is crucial for understanding and facili-
tating behavior change, especially for complex lifestyle
modifications.
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Theory of locus of control,
self-determination and ecological model

The development of comprehensive health promotion
strategies must address the complex interplay between
individual personality and environmental factors. Theories
such as locus of control, self-determination, and ecological
model, are integral to understanding the factors that sup-
port behavior establishment.

Locus of control is a personality construct that
describes the extent to which individuals believe their
actions influence the outcomes in their lives. It is a key
concept in understanding how people perceive and interact
with their environment. It is divided into two types:
internal and external. Individuals with an internal locus
of control believe they have control over the events and
health outcomes in their lives through their own efforts,
actions, and decisions. Conversely, individuals with an
external locus of control believe that external factors, such
as luck, fate, genetic factors, or the quality of healthcare
they receive, rather than their own actions, have a greater
influence on the events and health outcomes in their
lives [35, 36]. Individuals with an internal locus of control
are more likely to take responsibility for their actions,
engage in proactive health behaviors, and feel empowered
to make changes. An internal locus of control is typically
associated with better health outcomes, higher levels of
health-promoting behaviors, and greater adherence to a
healthy lifestyle, such as maintaining a healthy diet and
exercise regimen. Conversely, individuals with an external
locus of control may feel less empowered to change their
circumstances and might adopt a more passive approach to
health behaviors [35, 36].

Self-determination theory focuses on the role of moti-
vation in human behavior. It distinguishes between intrin-
sic and extrinsic motivation. Intrinsic motivation involves
engaging in behavior because it is inherently interesting or
enjoyable. In contrast, extrinsic motivation involves engag-
ing in behavior to obtain external rewards or to avoid neg-
ative outcomes [37, 38]. The theory posits that individuals
have basic psychological needs — autonomy, competence,
and relatedness — that, when satisfied, foster optimal func-
tioning and well-being. It emphasizes the importance of
creating supportive environments that enhance these needs
to foster motivation and improve health outcomes. In this
theory, autonomy refers to the need to feel in control of
one’s own behaviors and goals; competence is the need
to gain mastery and feel effective in one’s activities; and
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relatedness is the need to feel connected to others and expe-
riences a sense of belonging [39]. Dengue fever control is
often regarded as a governmental program. Communities at
the risk of dengue fever frequently lack a sense of belong-
ing, which may contribute to the failure to engage them in
local dengue fever control efforts. More attention should
be paid to the autonomy, competence, and relatedness of
the targeted populations to foster their intrinsic motiva-
tion. Therefore, it is crucial to consider community engage-
ment strategies that emphasize participation and empower-
ment to enhance the effectiveness of dengue fever control
programs.

An appropriate supportive atmosphere can promote
behavior change, whereas a lack of a supportive environ-
ment may hinder behavior change [40]. A common percep-
tion is that the very slow progress of smoking cessation
campaigns in China is, in part, due to the absence of a
zero-tolerance social atmosphere and other environmental
factors, such as cultural attitudes, social norms, and the
lack of strict regulatory environments. The ecological model
provides a valuable framework for systematically planning
health education programs and related activities within a
country. The model focus on the interaction between indi-
viduals and their physical and sociocultural environments,
emphasizing multiple levels of influence, including indi-
vidual, interpersonal, organizational, institutional, and pol-
icy factors. In the model, individual factors refer to per-
sonal knowledge, attitudes, and skills. Interpersonal fac-
tors involve relationships with family, friends, and peers
that provide social identity and support. Organizational
factors pertain to community norms, networks, and stan-
dards. Institutional factors relate to institutional policies
and practices. Policy factors encompass local, provincial,
and national laws and policies [40, 41].

The two top-level national documents, along with the
“Three-Year Action Protocol”, are national health policies
[1-3]. Local and provincial governments are expected to
adhere to these policies. Each health issue is typically man-
aged by relevant agencies at the institutional level. These
agencies are responsible for addressing specific health
concerns and implementing related interventions. At the
interpersonal and community levels, fostering a support-
ive environment is helpful for facilitating behavior change.
However, the current situation is that most health educa-
tion primarily focuses on disseminating health knowledge
and conducting investigations into personal factors, such
as knowledge, attitudes, and practices. In dengue fever,
vector control and early detection of the virus are con-
sidered among the most effective strategies. Vector control
measures, particularly chemical control, face significant

DE GRUYTER

challenges, including adverse health effects on residents,
environmental pollution, and the development of mosquito
resistance to insecticides. Environmental management is
proposed as an ideal strategy due to its sustainability and
safety. However, its effective implementation is often hin-
dered by insufficient consideration of individual person-
ality traits and environmental factors. The current study
in health education for dengue fever also mainly focuses
on investigating knowledge, attitudes, and practices, which
may not fully address the complexities involved in imple-
menting comprehensive vector control strategies [20]. The
significant gap in integrating individual personality traits
and environmental factors poses a challenge to enhancing
environmental management for vector control and promot-
ing prompt treatment-seeking behavior among individuals
with suspected dengue fever. Addressing this gap can benefit
environmental management, facilitate early detection of
the virus, and enable timely isolation of patients, thereby
preventing further transmission.

Theories related to promoting and
supporting behaviors

Expectancy-value theory

Success is a common aspiration for anyone undertaking
a task, and there is a universal desire for one’s efforts to
be meaningful. Expectancy-value theory provides a frame-
work for understanding the issues of individual success
and perceived value. This theory involves two key con-
cepts: the first is individuals’ beliefs about the likelihood
of success (expectancies), which are shaped by past expe-
riences, perceived difficulty, and self-efficacy, a concept also
emphasized by SCT. Both expectancy-value theory and SCT
highlight the importance of self-efficacy. In expectancy-
value theory, self-efficacy influences expectancies, while in
SCT, it is a core component that affects motivation and
behavior. Understanding these theories can help in design-
ing interventions and educational programs that enhance
motivation by boosting self-efficacy and aligning tasks with
individuals’ values and expectations. The second concept in
expectancy-value theory is the value (importance) individ-
uals place on success, which significantly influences their
motivation and behavior. This value encompasses intrin-
sic value (enjoyment derived from the activity itself), util-
ity value (the perceived usefulness of the task), attain-
ment value (the importance of doing well in the task),
and cost (the perceived negative aspects of engaging in the
task) [42—44]. The HBM particularly emphasizes the cost
of actions, focusing on perceived barriers and benefits to
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engaging in health-related behaviors. Both theories high-
light the role of perceived costs and benefits in behavior
change. While expectancy-value theory applies broadly to
motivation and achievement, the HBM is specifically tai-
lored to health-related behaviors.

In clinical settings, clinicians can leverage the princi-
ples of expectancy-value to develop more effective strate-
gies for motivating patients and promote positive health
behaviors. By understanding a patient’s expectancies and
values, clinicians can tailor interventions to improve adher-
ence to treatment plans, dietary behaviors, and physical
exercise. On a broader scale, public health initiatives can
benefit from applying expectancy-value theory by design-
ing programs that emphasize both the likelihood of success
and the intrinsic and extrinsic value of health behaviors,
thereby increasing community engagement and participa-
tion [44]. Effective dengue fever control requires not only
the dissemination of knowledge but also the implementa-
tion of practical strategies that emphasize the importance of
maintaining clean environments to reduce mosquito breed-
ing sites and the prompt detection of dengue virus infections
for isolation. However, the ease and benefits of maintaining
clean houses and surroundings, along with the early detec-
tion of the virus, are often underemphasized and insuffi-
ciently interpreted beyond the delivery of knowledge. Com-
bining educational efforts with practical interventions can
enhance the effectiveness of dengue fever control programs
[20].

Reinforcement contingency and stimulus-response
theory

In health education, once a behavior is initiated, continuous
reinforcement is essential to firmly consolidate its estab-
lishment. Intermittent reinforcement, where the behavior is
reinforced only some of the time, is effective for maintaining
established behaviors and preventing their extinction. This
approach leverages the unpredictability of reinforcement
to sustain the behavior over the long term, making it a
valuable strategy in behavior modification.

Reinforcement contingency and stimulus-response the-
ory are two theories primarily focused on behavior rein-
forcement. Reinforcement contingency refers to the rela-
tionship between a specific behavior and the consequence
(reinforcer) that follows it, specifically involving the sys-
tematic application of rewards or consequences to influ-
ence behavior. This relationship describes how and when a
behavior will be followed by reinforcement, thereby influ-
encing the likelihood of the behavior being repeated. Rein-
forcement can be categorized into positive and negative
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reinforcement. Positive reinforcement involves adding a
pleasant stimulus to increase the likelihood of a behavior
(e.g., giving praise for completing a task); negative reinforce-
ment involves removing an unpleasant stimulus to increase
the likelihood of a behavior [45]. Contingencies refer to
plans, strategies, and actions implemented to manage unex-
pected events, emergencies, or changes in circumstances. In
behavior reinforcement, positive contingencies strengthen
a certain behavior by increasing the likelihood that the rein-
forcer (consequence) will occur following the behavior. Con-
versely, negative contingencies weaken a certain behavior
by decreasing the likelihood that the reinforcer will occur
following the behavior [46].

The stimulus-response theory explains how individ-
uals learn behaviors through interactions with their
environment. A stimulus is any event or situation that
evokes a response. Reinforcement, which can be deliv-
ered through various means such as verbal encourage-
ment, written feedback, digital reminders, or social sup-
port, is crucial for promoting long-term adherence to health
recommendations [47]. Behaviors followed by positive out-
comes (reinforcements) are more likely to be repeated,
while those followed by negative outcomes (punishments)
are less likely to be repeated. Positive punishment involves
adding an unpleasant stimulus to decrease a behavior, for
example, scolding a child for misbehavior. Negative punish-
ment involves removing a pleasant stimulus to decrease a
behavior, for example, taking away a child’s toy when they
misbehave [47, 48].

In health education practice, after delivering health
information, less effort is typically dedicated to maintaining
recommended behaviors and developing them into sustain-
able lifestyles within the public health field. Insufficient
reinforcement of environmental management has been
identified as one of the reasons why outbreaks of dengue
fever cannot be effectively avoided in Yunnan [30].

Research needs of health education
in China

In recent years, the central level has prioritized health edu-
cation as the foremost strategic task [1, 2]. The “Three-Year
Action Protocol” serves as a short-term plan to accelerate
the implementation of health promotion policies [3]. The
ultimate aim is to create a sustainable impact on public
health by embedding health education into the fabric of
society, thereby improving health outcomes and reducing
the burden of disease. For example, as chronic diseases,
particularly cardiovascular diseases and diabetes, became
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the leading contributors to the disease burden in China,
obesity emerged as a primary underlying cause of these
conditions. In response, a total of 16 national departments
related to health, including the National Health Commis-
sion, the Office of the National Patriotic Health Campaign
Committee, and the Ministry of Education, jointly released
the Implementation Plan for the Year of Weight Manage-
ment Activity [49]. The involvement of these 16 national
departments underscores the importance of a coordinated,
multi-sectoral approach to tackle obesity, aiming to inte-
grate efforts across various sectors to promote weight man-
agement and healthy lifestyles. These high-level documents
provide comprehensive policy support for health educa-
tion in China, which is regarded as a multi-disciplinary sci-
ence integrating various fields, including biomedicine, pub-
lic health, behavioral psychology, health systems science,
communication science, education science, and social sci-
ence. This comprehensive approach aims to enhance health
literacy, empower individuals to make informed health
decisions and actions, and ultimately promote healthier
lifestyles. However, it is difficult to predict the impact of
weight management actions without actual outcomes from
implementation research, which is now urgently necessary
in various socioeconomic and cultural contexts.

The complexity inherent in health education makes it
straightforward to discuss but challenging to achieve the
desired outcomes. This complexity arises from the diversity
of health issues, the varied target populations, and their
unique contexts. The “Three-Year Action Protocol” focuses
on disseminating the 66 core messages from Health Literacy
of Chinese Citizens — Basic Knowledge and Skills. This initia-
tive encourages the public to consciously adopt a civilized,
healthy, green, and environmentally friendly lifestyle. It
positions individuals as the primary responsible parties for
their own health, thereby enhancing their ability to value,
maintain, and enjoy healthy lives [3, 4]. It is unnecessary to
discuss here that knowledge alone does not translate into
behavior. China is a vast country with diverse ethnic groups
and a wide range of geographic and cultural contexts. It
should be recognized that diverse populations face unique
health challenges, needs, and sociocultural contexts. The
diversity of health problems poses challenges to health edu-
cation efforts. Notably, the 66 core messages do not men-
tion dengue fever, despite its significance as a major global
public health concern. The 14th among the 66 core mes-
sages simply states, “Mosquitoes, flies, rats, cockroaches,
and others can spread various diseases,” without explic-
itly mentioning dengue fever [4]. These challenges and the
complexity involved in cultivating and maintaining health
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behaviors, and eventually developing them into a lifestyle,
should be widely acknowledged.

Implementation research targeting every health
problem is needed in various contexts and locations.
These extensive research efforts should include examining
basic behavioral psychology, individual factors (such as
knowledge and awareness, motivation, self-efficacy, and
readiness to change), social factors (such as support systems,
social norms, and peer influence), environmental factors
(such as accessibility, workplace environment, community
resources, and cultural context), healthcare system factors
(such as provider-patient relationships, healthcare policies,
and access to care), and socioeconomic factors (such as
income, education, and employment) across various areas,
populations, and their health problems. Based on these
investigation results, a health education model targeting
a specific health issue in a certain area can be developed
through formative research and intervention trials.

In health education, for inherently simple health prac-
tices, such as taking an oral poliomyelitis vaccine, knowl-
edge and information may suffice to prompt action. How-
ever, when designing programs aimed at acquiring or modi-
fying complex lifestyle practices, such as smoking cessation,
reducing alcohol and substance abuse, engaging in regular
physical activity, adopting healthy dietary habits, and man-
aging the environment for dengue fever control, it is crucial
to examine foundational theories of health education. This
involves using a formative research framework to develop
a specialized intervention model tailored to specific health
issues, areas, and populations, based on local needs and
contexts.

A tailored intervention should align with the principles
of the RE-AIM framework, which stands for Reach, Effec-
tiveness, Adoption, Implementation, and Maintenance. This
comprehensive model is used to evaluate the public health
impact of health education interventions, ensuring that
these interventions are not only effective but also widely
adopted, properly implemented, and sustained over time,
thereby maximizing their public health impact [50—54]. The
following section will use the example of dengue fever
control to interpret the formative research framework and
the RE-AIM model, which help in assessing the impact and
sustainability of health programs. The “Three-Year Action
Protocol” also aims to strengthen the team of health edu-
cation professionals by enhancing the capacity, profession-
alism, initiative, and creativity of medical and health insti-
tutions and personnel involved in health education. Con-
ducting extensive research in the foundational science of
health education will enhance the team’s comprehension of
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these core principles, thereby cultivating a more skilled and
resilient team of health educators.

Designing a tailored health
education intervention

The basic principles related to health education have heen
interpreted and discussed in the previous sections. More
practically, the formative research framework and the RE-
AIM model provide methodologies for developing effec-
tively tailored intervention and evaluation models. How-
ever, systematic formative research is rarely conducted
before initiating and scaling up a health education cam-
paign. The RE-AIM model offers a structured approach to
comprehensively evaluate the impact of health education
interventions, identifying strengths and weaknesses across
its five dimensions [52, 55]. The formative research frame-
work combines qualitative and quantitative methods to pro-
vide information that aids in planning and tailoring inter-
vention programs to meet the specific needs of a target
population. It gathers insights and data that inform the
development, implementation, and refinement of interven-
tions, ensuring that they are locally tailored and responsive
to the needs of the target population [54]. The proposed
example illustrates the application of the RE-AIM model and
formative research framework to design a tailored health
education intervention program for dengue fever control.
The interventions intend to decrease the density of Aedes
spp. mosquitoes, thereby reducing dengue virus transmis-
sion, and to promote treatment-seeking behaviors among
individuals suspected of having dengue fever. This facili-
tates early detection and isolation of dengue virus cases,
thus reducing the infectious source. Its two special objec-
tives are: (1) more than 90 % of households in every Dai
ethnic community clear the larval habitats of Aedes spp.
mosquitoes within and around their homes weekly during
the rainy season (June—November) by the end of the first
year; (2) more than 85 % of suspected dengue fever patients
seek dengue virus detection in public health facilities within
24 h after the onset of fever symptoms during the rainy
season (June—-November) by the end of the first year.

Contextual understanding

Before planning the program, it is important to under-
stand the multi-level context in which health education
will be implemented. This involves evaluating the availabil-
ity of health services and policies, assessing the level of
knowledge about dengue fever among the Dai people,
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and understanding their attitudes and practices regarding
required control behaviors. Furthermore, it includes iden-
tifying the barriers and facilitators to the program’s imple-
mentation [41]. Following SCT, it is essential to first under-
stand the individual’s perceived connection between envi-
ronmental clearance, appropriate treatment-seeking behav-
iors, and the reduction of dengue virus infection (expectan-
cies about environmental cues). Secondly, it is important to
consider their beliefs about how individual actions, such as
environmental clearance and timely treatment-seeking for
dengue fever, are likely to reduce the incidence of the dis-
ease (expectancies about the consequences of one’s actions).
Lastly, it is important to assess their self-efficacy (expectan-
cies about one’s competence) in regularly clearing the lar-
val habitats of Aedes spp. mosquitoes around their homes
and seeking appropriate laboratory-based diagnosis and
treatment when they suspect dengue virus infection [14].
Previous studies in the literature indicate that the Dai Peo-
ple are aware of dengue fever and have knowledge about
Aedes mosquitoes and their breeding sites. However, a low
proportion of suspected dengue fever patients seek appro-
priate treatment [20, 28]. Early detection, prompt isolation,
and treatment are key strategies for controlling dengue
fever in China [56]. Given these findings, future health
education should not focus solely on increasing knowledge
itself. Instead, it emphasizes encouraging early medical
care for suspected dengue fever cases to reduce complica-
tions, as well as promoting preventive behaviors to reduce
transmission.

Needs assessment

The Yunnan authorities recognize dengue fever as a sig-
nificant public health issue and have demonstrated strong
political commitment to its control. However, a literature
review indicates a lack of data on the target population’s
perceived susceptibility to dengue virus infection and the
perceived severity of the disease. Furthermore, there is a
lack of data available on the willingness of the Dai peo-
ple to participate in dengue fever control activities. The
public health sector does not fully understand the bar-
riers to engaging the target population in dengue fever
control [28, 29]. As suggested by the HBM, it is essential
to assess the educational needs of the target population
before developing intervention strategies [32]. This assess-
ment should identify how many and which members of the
Dai people are interested in dengue fever, feel susceptible to
dengue virus infection, believe they are currently facing the
problem of dengue fever, perceive dengue fever as a serious
health threat, and believe that this threat can be mitigated
by eliminating Aedes mosquito larval habitats in and around
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their homes. Additionally, their willingness to seek timely
laboratory-based diagnosis and treatment, considering per-
ceived physical, emotional, temporal, and financial barri-
ers should be evaluated. Both qualitative and quantitative
research methods could be employed to gather comprehen-
sive data on these beliefs, conduct a needs assessment, and
explore strategies to engage the target population in control
activities.

Stakeholder engagement

The Dai people, including community leaders and schools,
are primary stakeholders. A significant portion of the Dai
population (70.0 %) is Buddhists, believing that the Lord
Buddha protects good people [20]. Temples, as integral sites
of Dai culture, and Buddhist Monks are present in each Dai
community. Involving temples and their Buddhist Monks
might be beneficial for dengue fever control. Local peo-
ple often choose over-the-counter (OTC) drugs as the initial
treatment for diseases due to their high accessibility. This
choice allows them to avoid the travel and waiting time
associated with seeking treatment at public hospitals, as
well as the additional costs for laboratory tests or physi-
cal examinations [20]. Therefore, drug stores and private
clinics should be involved in referring suspected dengue

Table 2: Strategies for enhancing stakeholder competence.
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fever patients. Additionally, the program should also com-
municate with health administrators to reduce overall costs
in public health facilities. As drug stores are identified as
stakeholders, it is advisable for relevant authorities, such
as the Food and Drug Administration (FDA), to notify these
drug stores to become involved in the program. In this
scenario, it is essential for health administrators to collab-
orate with these authorities. If the local government, such
as the county government, acts as the coordinator for all
stakeholders, the implementation of the program would be
more effective. Once stakeholders are engaged, the strate-
gies outlined in Table 2 can be considered to enhance their
competence [57].

As suggested by the expectancy-value theory, motiva-
tion in the target population is driven by the expectation
of success and the perceived value of achieving that suc-
cess. Therefore, it is essential to ensure they have confi-
dence in the likelihood of success and recognize the impor-
tance and benefits of achieving success. Additionally, self-
determination theory emphasizes supporting stakeholders’
autonomy, competence, and relatedness. This approach
should provide them with the freedom to make decisions,
ensure they feel capable and effective in their roles, and fos-
ter a sense of connection and belonging within the dengue
fever control program [37, 44].

Strategie

Description

1. Education and training

2. Capacity building

3. Engagement and participation

4. Feedback mechanisms

5. Resource allocation

6. Cultural competence

7. Collaboration and networking
8. Recognition and incentives

9. Clear communication

10. Support systems

Develop comprehensive training programs that encompass the necessary skills, knowledge, and
best practices, including specifically tailored training activities, such as workshops, seminars, and
online courses, to meet the unique needs of stakeholders

Enhance stakeholders’ capacity through continuous professional development opportunities,
mentorship programs, and access to resources

Actively engage stakeholders in the planning, implementation, and evaluation phases of the
program to ensure they have a clear understanding of the program’s goals and their roles in
achieving them

Establish regular feedback loops that enable stakeholders to share their experiences, challenges,
and suggestions, thereby identifying areas for improvement and fostering a sense of ownership
and involvement among them

Ensure stakeholders have access to essential resources, including funding, tools, and technology,
to perform their roles effectively

Enhance stakeholders’ cultural competence by providing training in cultural awareness and
sensitivity to ensure effective engagement with diverse populations

Facilitate stakeholder collaboration and networking through formal partnerships, joint projects,
and informal networking events

Acknowledge and reward their contributions to local dengue fever control efforts through formal
awards, public recognition, or other incentives to motivate and sustain stakeholder engagement
Provide regular updates on program progress, changes, and outcomes through clear and open
communication channels to keep stakeholders informed and engaged

Establish support systems, such as help desks, service hotlines, peer support groups, and advisory
committees, to provide ongoing assistance and guidance to stakeholders
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Iterative intervention development

The objective of the formative research is to design a cus-
tomized intervention program, ensuring the efficient use
of valuable and limited resources. Greater investment in
developing the intervention model is likely to yield more
effective outcomes. The iterative intervention development
process provides a structured framework for creating effec-
tive intervention strategies and activities. This systematic
and cyclical process involves initial development, pilot test-
ing, feedback collection, and subsequent modifications with
the purpose of optimizing the intervention’s effectiveness
and feasibility through continuous improvement based on
empirical data and stakeholder input. This is particularly
beneficial for developing tailored interventions, ensuring
they are both evidence-based and user-centered [58].

Before developing interventions, it is crucial to identify
the innovators, early adopters, early majority, late major-
ity, and laggards within the target population, as outlined
by the diffusion of innovations theory. This identification
helps tailor strategies to effectively engage each group in
the adoption process [23]. Program designers should, with
reference to the transtheoretical model and the precaution
adoption process model, identify the stages of behavior
change or adoption process where most individuals in the
target population currently reside to effectively facilitate
the progression of recommended behaviors [20, 25]. Based
on the theory of locus of control, program designers should
identify individuals within the target population who pos-
sess an internal locus of control. These individuals are more
likely to act as innovators, early adopters, and members of
the early majority in the behavior change process, thereby
advancing intervention activities [35, 36].

After understanding the context and identifying needs
and stakeholders, program designers can apply the SW1H
principle, which involves considering Who, What, When,
Where, Why, and How. This approach engages early
adopters and members of the early majority in the interven-
tions, advancing activity implementation and ensuring that
all critical aspects of the intervention are thoroughly consid-
ered and addressed [59]. In the program, the beliefs of stake-
holders regarding dengue fever are not fully understood at
present. It remains unclear whether the target populations
are genuinely interested in dengue fever [20]. In a situation
where only about one-third of the participants are willing
to seek treatment for dengue fever from public health facil-
ities, the program requires collaboration between health
authorities and the FDA to engage with drug stores and
private clinics, encouraging them to refer suspected dengue
fever patients for laboratory tests at public health facili-
ties. However, there is no specific information indicating
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the FDA’s active interest in dengue fever control [20].
Knowledge and awareness among the Dai people alone do
not necessarily lead to the desired behavioral changes. The
beliefs and perceptions of stakeholders are crucial for the
success of dengue fever interventions. If stakeholders do
not perceive dengue fever as a serious health problem, do
not feel threatened by it, and do not recognize the benefits
of dengue fever control measures, the program is unlikely
to be effective. Therefore, intervention programs should
initially focus on enhancing stakeholders’ awareness and
understanding of the health threat posed by dengue fever,
and foster the belief that their actions can lead to mean-
ingful change [60]. As suggested by ecological models, this
process requires the support of laws and policies, followed
by effective governmental coordination. This is essential for
the health authority and the FDA to endorse the program
activities before developing the intervention strategies.

Table 3 outlines the potential necessary intervention
activities. The necessity of these activities, as well as the
potential inclusion of additional activities, should be dis-
cussed with stakeholders and refined through pilot testing
within the target population [58].

Pilot testing

To ensure the program is well-designed, culturally appro-
priate, and effective in achieving its objectives, all informa-
tion, education, and communication (IEC) materials must
undergo thorough testing. This process should involve eval-
uating the core information, communication channels, rec-
ommended delivery and mobilization skills, as well as the
stimuli and rewards intended to promote the desired behav-
iors with seven essential steps (Table 4) [61, 62].

Implementation strategies

To implement health education effectively and ensure the
successful delivery and adoption of desired practices, it is
crucial to first establish a clear objective. An ideal objective
should adhere to the SMART criteria: it must be specific,
measurable, achievable, relevant, and time-bound [63]. In
the program, objective 1 aims for that more than 90 % of
households (M) in every Dai ethnic community (S) should
clear the larval habitats of Aedes spp. mosquitoes (R) within
and around their homes weekly (A) during the rainy season
(June—November) by the end of the first year (T). Objec-
tive 2 targets that more than 85 % (M) of suspected dengue
fever patients (S) should seek dengue virus detection in
public health facilities within 24 h after the onset of fever
symptoms (R) during the rainy season (June—November)
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Table 3: Intervention activities for health education aimed at controlling dengue fever among the Dai ethnic community in Yunnan, China.

Intervention activity

Implementer

1. Information and interest reinforcement

1.1 Develop core information for the drug stores

1.2 Develop core information for the communities

1.3 Identify effective communication channels and develop supportive tools for drug
stores and the private health sector

1.4 Identify effective communication channels and develop supportive tools for peer
community health educators

2. Identifying and training communicators

2.1 Train staff in drug stores and health sectors without laboratory test for dengue fever
as communicators

2.2 Identify and train peer health educators in communities

3. Intervention actions

3.1 Staffs at drug stores and health sectors without laboratory tests for dengue virus refer
suspected dengue fever patients to public health facilities for laboratory tests; this
process can be enhanced by developing an application (app) to facilitate patient referrals
3.2 Community peer health educators mobilize and organize weekly efforts, such as the
“Village Saturday Clear-up Campaign,” to clear larval habitats of Aedes spp. mosquitoes
4. Monitoring and evaluation

4.1 Local health authorities and the FDA monitor drug stores and health sectors for the
referral of suspected dengue fever patients and for laboratory testing of the dengue virus
4.2 Local CDC staff, community leaders, and health workers conduct weekly visits to each
household to inspect for larval habitats of Aedes spp. mosquitoes, such as checking water

Designers
Designers
Designers

Designers

Health sector and FDA
Health sector

Health sector and drug stores

Health sector and communities

Health sector and FDA

Local CDC and community administration

containers for the presence of larvae
5. Stimulus and reward

5.1 Recognize the performance of staff at drug stores and health sectors to enhance their

Health sector and FDA

sense of pride and self-efficacy associated with their achievement; If possible, provide
rewards to staff with satisfactory performance, such as free laboratory testing for dengue

virus

5.2 Recognize the contributions of community members to enhance their sense of pride

Health sector and community administration

and self-efficacy associated with their achievement; If possible, provide rewards for
households, such as free laboratory testing for the dengue virus for those without larvae
and without discarded water containers during the last month’s monitoring visits

FDA, food and drug administration; CDC, center for disease control and prevention.

(A) by the end of the first year (T). Secondly, the eco-
logical model emphasizes that multiple levels of environ-
mental factors influence health behaviors. Therefore, the
intervention should be supported by promising policies
and conducive environmental factors. A study conducted
within the target population revealed that the villager
convention terms in a Dai ethnic village mandate daily
cleaning of homes and surrounding areas by all families.
Village leaders conducted two supervisory visits each week.
If Aedes spp. larvae were discovered in a household, the
family incurred a fine of 500 CNY. When larvae were found
again in the same household, the fine increased to 1,000
CNY. Non-compliance with the villager convention terms
might result in the suspension of piped water and electricity
supply [20, 30]. This operation may raise two issues. The
first is whether this practice is culturally appropriate, sup-
ported by the majority of community members, and aligned

with local and national policies. The second issue is the
achievability and sustainability of this practice. Considering
the life cycle of Aedes spp. mosquitoes, it is not necessary
to clean houses and the surrounding environment daily.
Thirdly, regarding sustainability, unless a practice becomes
a routine habit within the target population, it will be chal-
lenging for all families to consistently clean their homes
and surrounding environments. According to the SMART
objective, weekly clearance of Aedes spp. mosquito larval
habitats is not only more achievable and feasible but also
aligns with the mosquito’s life cycle. Following scientific
principles, the “Village Saturday Clear-up Campaign” may
be more practical. With secured ongoing funding and local
capacity, integrating environmental management into exist-
ing health systems and community structures could make
weekly habitat clearance a sustainable activity and even-
tually a routine habit for every household. Additionally,
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Table 4: Seven essential steps for pilot testing.
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Step

Method description

1. Stakeholder consultation

Evaluate communication channels, recommended delivery methods, and mobilization

strategies with educators and community representatives to ensure they are culturally
appropriate and effective in achieving the intended outcomes in both content and approach

2. Pilot testing

Conduct a small-scale pilot test of the protocol using a sample from the target population to

identify any issues related to content, message delivery, and materials; During the pilot testing,
closely observe how the target audience interacts with the information, education, and
communication (IEC) materials, and document any challenges they face in understanding the
core information, utilizing the materials, and practicing the desired behaviors

3. Collect feedback

Utilize structured tools, such as well-developed questionnaires and interview guides, to conduct

surveys, including focus group discussions or in-depth interviews, to gather feedback from
participants and facilitators involved in the pilot test; the content collection should focus on
aspects such as the clarity and comprehensibility of the core information, the visual appeal and
design of IEC materials, their relevance and cultural appropriateness, the level of engagement
and interest they generate, and their overall effectiveness in conveying the intended message
and mobilizing the desired behaviors

4. Refine the protocol

Adjust the protocol as needed based on feedback, including content revision, material

enhancement, and communication method modification

5. Iterative testing

Repeat the pilot testing and refinement process as needed to ensure the protocol is effective,

well-received, and adopted by the target population

6. Final review

Conduct a final review with stakeholders to ensure that all feedback issues have been

adequately addressed before the full implementation of the protocol

7. Documentation

Document the pretesting process, including the feedback received and the changes made

thoroughly to ensure a clear record of how the protocol was developed and refined

with support from the FDA and relevant policies, staff at
drug stores should cultivate the habit of referring suspected
dengue fever patients for dengue virus testing [64]. Fourthly,
the intervention activities should effectively promote the
desired behaviors (Table 5) [65].

For simple behaviors that require minimal focus on
efficacy, such as swallowing a tablet or screening for par-
asite infection, health practices may be straightforward to
perform. However, changing complex behavior patterns
remains challenging [32]. In the realm of environmental
management, placing a greater emphasis on skill training is
likely necessary to enhance self-efficacy. SCT posits that self-
efficacy information is derived from four primary sources:
enactive mastery experiences (performance attainments),
vicarious experiences, verbal persuasion, and physiolog-
ical states. Health educators are encouraged to leverage
these sources to enhance practice efficacy [66]. Performance
accomplishments are the most influential sources of effi-
cacy information because they are based on personal mas-
tery experiences. Vicarious experiences, gained by observ-
ing others’ successes or failures, are the next most potent
source and significantly contribute to lifelong learning. Role
models, as sources of vicarious experiences, can encourage
imitation, while verbal persuasion can motivate individuals
to initiate action or reinforce their initial steps [14, 66]. In

environmental management, vicarious efficacy information
can be provided by showcasing the successful efforts of
other communities as models for actively clearing larval
habitats of Aedes spp. mosquitoes [23]. Verbal persuasion,
often used in health education, is less powerful than per-
formance accomplishments or vicarious experiences but
can still complement more influential factors. It may also
affect outcome expectations or incentives. Physiological
states, particularly anxiety, can signal to individuals, accu-
rately or not, that they are incapable of performing or
maintaining a given action. Conversely, reducing negative
affect can enhance self-efficacy. Setting short-term rather
than long-term goals for certain desired achievements may
help overcome negative physiological states and increase
self-efficacy [32]. Another way to overcome negative phys-
iological states is by structuring complex behaviors into
a series of steps with increasing difficulty, allowing ear-
lier tasks to be more easily mastered. With enhanced self-
efficacy from initial performance achievements, individuals
are better prepared to tackle more complex tasks.
Additionally, contracting between households and
health service providers can be an effective strategy
for enhancing self-efficacy in managing complex
practices [32, 67]. Even in modest circumstances, households
and providers can collaborate to establish and agree upon
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Table 5: Effective behavioral-changing intervention activities.

No. Activity description

1. Regularly train healthcare workers, peer educators, and the target population through educational meetings and workshops to enhance
their knowledge, attitudes, and skills

2. Comprehensively train healthcare workers, peer health educators, and drug store staff in communication skills, cultural competence,
and knowledge of dengue fever to enhance their ability to deliver behavior-centered health education

3. Health educators should conduct outreach activities and deliver health education sessions in communities, schools, and workplaces to
broaden their audience and ensure information accessibility

4. Consider using digital tools and platforms such as mobile health (mHealth) apps, online courses, WeChat, webinars, and social media to
disseminate health information, thereby enhancing reach and engagement, especially among younger populations

5. Develop and implement practice-focused strategies targeting healthcare providers, drug store staff, and peer educators, such as
reminder systems, audit and feedback, and performance incentives, to enhance adherence to the protocol

6. Develop and distribute culturally appropriate and easy-to-understand educational materials - such as brochures, posters, videos, and
interactive tools - to ensure that user-friendly materials are available in Dai ethnic languages when needed

7. Involve community leaders and representatives in the planning and implementation of health education initiatives to enhance the
programs’ credibility and acceptance within the community

8. Implement health education activities in schools for children and adolescents to achieve long-term sustainability, including integrating
dengue fever content into the local curriculum, organizing extracurricular activities, and actively engaging parents

9. Continuously monitor and evaluate the effectiveness of health education interventions to enhance their outcomes; simultaneously,

make evidence-based decisions and adjustments based on the data collected

objectives for environmental management, such as
eliminating larval habitats of Aedes spp. mosquitoes in
and around their homes through a contingency contract.
They can agree on a time frame for completion, with both
parties signing a document that specifies the agreements.
This technique is effective when properly implemented
because it fosters a genuine alliance between households
and service providers. Both parties are involved in selecting
objectives that the household feels capable of achieving
within the set time limit. When the household accomplishes
the objective, their sense of self-efficacy is enhanced,
preparing them to contract for new, more challenging ones.
The inclusion of a material reward in the contract appears
to be less significant than the sense of pride and self-efficacy
that accompanies the achievement [32].

In summary, to ensure the successful implementation
and sustainability of complex health intervention practices,
it is essential to establish clear objectives, supportive poli-
cies, and a conducive environment. As suggested by the
HBM and SCT, the success of a health education program
includes the following strategies. Firstly, the target popula-
tion must believe they are susceptible to the disease and
understand its serious consequences, including the poten-
tial for death due to delayed treatment (perceived threat).
Secondly, they must believe that dengue fever is preventable
and that their actions can make a difference (outcome
expectations). Finally, they must have confidence in their
ability to successfully perform the recommended practices
(self-efficacy).

Evaluation frameworks

A comprehensive evaluation framework includes assess-
ments at all stages, from planning to long-term impact.
Contextual investigations, needs assessments, and evalu-
ations of program design and planning have been cov-
ered in earlier sections under formative research. This part
will primarily focus on the stages from process evaluation
onward [68]. The RE-AIM framework offers a comprehen-
sive model for evaluating the impact of public health inter-
ventions. This model ensures that health education inter-
ventions are not only effective but also widely adopted,
properly implemented, and sustained over time, thereby
maximizing their impact [50]. Here, RE-AIM stands for
Reach, Effectiveness, Adoption, Implementation, and Main-
tenance. Reach refers to the proportion of the target popu-
lation that participates in the intervention, emphasizing the
identification and understanding of the characteristics of
those who are reached vs. those who are not. Effectiveness
pertains to the impact of the intervention on important
outcomes, including any potential negative effects, focusing
on both intended health outcomes and unintended conse-
quences. Adoption involves the proportion and representa-
tiveness of settings and intervention agents willing to ini-
tiate the program, focusing on understanding the charac-
teristics of settings (e.g., schools, clinics, and communities)
and key stakeholders (e.g., teachers, healthcare providers,
and community leaders) that adopt the intervention. Imple-
mentation ensures fidelity to the protocol, including consis-
tency and any adaptations made, focusing on how well the
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intervention is delivered as intended. Maintenance refers to
the extent to which the intervention is sustained over time
at both the individual and organizational levels, focusing
on long-term follow-up to determine the durability of the
intervention’s effects and the continued use of the recom-
mended behaviors [50, 51]. To ensure that each dimension
is considered from the outset, the RE-AIM framework can
guide the development of the program. It provides a struc-
tured approach to comprehensively evaluate the impact of
health education interventions and identify strengths and
weaknesses across its five dimensions. By using the RE-
AIM framework to evaluate programs, health educators can
make evidence-based decisions to refine and improve their
programs [52].

Process evaluation

The objective of the process evaluation is to gather data
on the delivery of intervention activities through surveys,
interviews, and focus group discussions with participants
and facilitators. The data is used to assess the extent and
quality of intervention delivery, participant satisfaction,
and barriers to implementation [69, 70]. The process encom-
passes the inputs of human and financial resources, the
implementation of interventions, and outputs such as the
number of health education sessions delivered in a pro-
gram. This approach evaluates reach, adoption, and imple-
mentation. Necessary adaptations should be identified and
evaluated for implementation. In the program, reach eval-
uation indicators can include the proportion of individu-
als who attended the latest health education workshop out
of the total eligible population. These adaptations assess
whether health educators deliver the program content as
designed and document any changes made to the program
activities. For example, it evaluates the proportion of com-
munities that carried out environmental management and
the proportion of households that have cleared larval habi-
tats of Aedes spp. mosquitoes in and around their homes
in the last week. It also compares the characteristics of
those communities and households with adapted practices
vs. those without actions.

Outcome evaluation

The objective of the outcome evaluation is to assess the
short-term and intermediate effects of the interventions
by utilizing pre- and post-intervention surveys, knowledge
assessments, and behavioral evaluations [70]. The effec-
tiveness component of the RE-AIM framework focuses on
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evaluating both the intended health outcomes and any unin-
tended consequences, including potential positive and nega-
tive effects. In the program, the primary outcome indicators
include the percentage of households that clear Aedes spp.
mosquito larval habitats in and around their homes weekly
during the dengue virus transmission season, and the per-
centage of suspected dengue fever patients who seek diag-
nosis at public health facilities within 24 h of fever onset.
Additional outcome indicators may encompass changes in
knowledge about dengue virus transmission and preven-
tion, shifts in attitudes toward recommended behaviors,
self-efficacy in implementing control measures, and ento-
mological indicators such as the human biting rate of adult
Aedes spp. mosquitoes, larval habitat availability, and the
percentage of habitats occupied by Aedes spp. larvae [70, 71].

Impact evaluation

Impact refers to the effectiveness of an intervention on
final outcomes, including both positive and potential neg-
ative effects, as well as broader implications such as cost-
effectiveness. In the program, the objective of impact eval-
uation is to assess the long-term effects of interventions
on disease burden by utilizing data from national disease
control information systems and specialized surveys [70].
Although the health education program alone may not sig-
nificantly reduce disease burden, impact evaluation can
assess its contributions to disease control efforts. In the
program, impact indicators may include a reduction in the
total number of dengue fever cases, a decrease in the per-
centage of severe cases among total dengue fever cases,
a lower annual dengue fever incidence rate, fewer com-
munities experiencing dengue fever outbreaks compared
to the previous years, and improved cost-effectiveness rel-
ative to other measures such as chemical control with
insecticides [72].

Sustainability and scalability evaluation

Sustainability is a key component of the maintenance
dimension within the RE-AIM framework, which empha-
sizes evaluating both the sustainability and scalability of
health interventions. This ensures that programs can be
maintained and expanded effectively over time. The eval-
uation involves tracking the health behaviors of partic-
ipants six months after the intervention and assessing
whether the program continues to be implemented in its
original settings. Formative research often includes pilot
intervention studies; therefore, the evaluation of formative
research should focus not only on sustainability but also on
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scalability. The objective of evaluating sustainability and
scalability is to assess the potential for sustaining and scal-
ing up the program based on the results of process, outcome,
and impact evaluations, as well as stakeholder interviews,
cost analysis, and feasibility studies. Relevant indicators can
include ongoing funding, the potential for integration into
existing health systems, community support, and scalability
potential [73].

Feedback and continuous improvement

Feedback is crucial for refining and improving interven-
tions before full-scale implementation. Its objective is to
use evaluation findings to adjust and enhance the design,
planning, and implementation of intervention activities
through regular feedback sessions, data analysis, and pro-
gram reviews, ensuring interventions are well-suited to
their intended contexts. This process involves gathering
input from stakeholders, participants, and other relevant
parties to identify strengths and areas for improvement.
Methods for collecting feedback can include focus group dis-
cussion, interviews, surveys, and workshops. The insights
gained from feedback help tailor the intervention to bet-
ter meet the needs of the target population, ensuring that
the program is both effective and feasible. Additionally,
feedback can guide adjustments to the intervention design,
implementation strategies, and evaluation methods, ulti-
mately enhancing the potential for successful outcomes.
Indicators of program modifications based on feedback
should include improved outcomes and impact over time,
as well as stakeholder satisfaction [74].

Reporting and dissemination

Reporting and dissemination are essential for translating
formative research into practice and ensuring that findings
are effectively communicated to relevant stakeholders. The
objective of reporting and dissemination is to share inter-
vention outcomes and evaluation findings with stakehold-
ers and the broader community through reports, meetings,
presentations, and publications. This process facilitates the
scaling up of experiences and impacts policy and practice.
Indicators can include the number and coverage of dissem-
ination activities, stakeholder engagement, and the extent
to which findings are utilized in policy and subsequent
practices. To ensure clarity and focus when reporting and
disseminating formative research outcomes, the following
key items can be considered. The dissemination of for-
mative research outcomes can be more effective in trans-
lating research into practice and influencing policy and
decision-making by considering the following items. (1) The
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outcomes of formative research should be reported with
clarity and comprehensiveness, including detailed descrip-
tions of the methods, findings, and implications. The most
significant findings and recommendations can be high-
lighted in the report to ensure that they are relevant and
actionable for the intended audience. Clarity and consis-
tency can be enhanced by employing standardized report-
ing guidelines. The language and presentation used should
be clear and concise, accessible to non-specialist audiences,
avoiding technical jargon where possible. (2) To ensure
effective dissemination to diverse audiences such as clin-
icians, regulatory bodies, policymakers, and communities,
it is important to consider their preferences and needs.
(3) Engaging stakeholders throughout the research process
is advisable to choose appropriate formats and media for
dissemination, such as reports, presentations, publications,
or digital media, tailored to the audience. This ensures that
findings and recommendations are relevant and actionable.
It may involve conducting feedback sessions, workshops,
and collaborative meetings to discuss the implications of
the research outcomes. (4) Establishing feedback mecha-
nisms to collect input from stakeholders regarding the dis-
semination process and the utility of research findings can
help refine future dissemination efforts and ensure that the
research has a meaningful impact. (5) The impact of dissem-
ination efforts on practice and policy should be evaluated by
assessing whether the research findings have been adopted
and implemented in public health practice, pharmacies, and
the FDA, and by making necessary policy adjustments based
on the outcomes [75].

Conclusions

In China, health education is one of the most impor-
tant strategies in transitioning from a disease treatment
model to a prevention model, and it is now facing
significant challenges. Researching and employing funda-
mental health education theories to develop and implement
tailored health education intervention programs is one of
the alternatives for addressing these challenges across vari-
ous health issues, healthcare systems, cultural contexts, and
resource availability.
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