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Objective: To investigate the willingness of China Centers for Disease Control and Prevention (C-CDC) staft in Northeast China to
participate in continuing education and identify the factors associated with such willingness.

Methods: This study adopted a cross-sectional design using stratified cluster sampling. Based on Expectancy-Value-Cost (EVC) and
Job Demands-Resources (JD-R) theories, literature evidence, and study objectives, the survey variable system was constructed to
cover multiple dimensions. Following multiple rounds of questionnaire revision, an online survey was administered to C-CDC staff at
different administrative levels in Northeast China, yielding 11,912 valid responses. After identifying relevant variables through
univariate analysis, a Bayesian network model was constructed to explore the association and their interrelationships.

Results: A total of 19 variables were identified by univariate analysis as being significantly associated with willingness to participate
in continuing education. Bayesian network analysis showed that family support for job, rationality of career development opportu-
nities, work fatigue, and team cohesion were directly associated with willingness to participate in continuing education. Sensitivity
analysis further identified nine key nodes. The conditional probability table indicated that when low work fatigue, more rational career
development opportunities, higher team cohesion, and stronger family support were present simultaneously, the conditional probability
of high willingness to participate in continuing education among C-CDC staff increased to 94.2%.

Conclusion: Bayesian network analysis identified several professional identity related factors, particularly team cohesion, career
development opportunities, and family support, as key factors associated with willingness to participate in continuing education. The
analysis also revealed complex interrelationships among these factors.

Keywords: bayesian network, continuing education, disease control and prevention staff, interrelationships, willingness

Introduction
In recent years, the frequent emergence of novel infectious diseases has placed unprecedented challenges on disease
control and prevention systems.' * Since the 2003 SARS pandemic and COVID-19, China Centers for Disease Control
and Prevention (C-CDC) have strengthened the functional capacity building and professional competency development.
However, it also suggested that both the emergency response mechanisms of the C-CDC, and more broadly those of CDC
systems worldwide still require further strengthening.””’ With the rapid development in artificial intelligence (AI) and
digital transformation, the operation of CDC system is being profoundly reshaped.®” The roles and responsibilities of
CDC staff have undergone substantial changes. Beyond conventional responsibilities such as disease surveillance,
epidemiological investigation, outbreak reporting, and health risk assessment, they are increasingly expected to fulfill
pivotal roles in emergency responses to public health crises, interdisciplinary collaborations, and policy formulation.'®!!
In China, the training currently provided for public health and primary healthcare personnel remains insufficient to
meet the need for long-term and systematic capacity building. Moreover, some regional staff were experiencing brain
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drain.'>"? In addition, more than 80% of participants in a survey indicated that the current ability of CDC needs to be
improved.'* As a key pathway to improve the capacity of CDC, continuing education is widely recognized as essential
for maintaining competencies in the evolving post-pandemic public health landscape. However, the willingness to
participate in continuing education among C-CDC staff remained suboptimal and uneven across regions, roles, and
disciplines.'” Also, studies showed that the actual effectiveness of current continuing education for C-CDC staff falls
considerably short of expectations.'®!” The effectiveness of continuing education implementation may depend on their
perception of the effectiveness and value of participating in continuing education.

Previous studies have shown that the willingness to participate in continuing education is influenced by multi-
dimensional relationships, including work conditions, continuing education cost, and professional identity.'®>* The
associations hindering medical workers’ participation in continuing education included limited funds, insufficient time,
high work pressure, and insufficient infrastructure.'®> In addition to the distinct professional functions, the CDC staff
was characterized by diverse educational backgrounds and professional roles, encompassing fields such as epidemiology,
health inspection, health education, and public health management. These occupational characteristics suggested that the
determinants of willingness to participate in continuing education may differ from those of other professional groups.
However, no research has yet been carried out on the willingness of CDC staff to participate in continuing education or
the interactions between the relationships using a network perspective.

In this study, we aim to systematically analyze the factors associated with C-CDC staff’s willingness to participate in
continuing education and reveal the complex interrelationships among these associations by constructing a network
model. We hope the study can provide policymakers with theoretical evidence to improve CDC staff’s participation in

continuing education and improve the work effectiveness of public health department.

Methods

Theoretical Framework

This study integrated the Expectancy-Value-Cost (EVC) and Job Demands-Resources (JD-R) theories to analyze the
interaction among work conditions, continuing education cost, professional identity, and willingness to participate in
continuing education.”*?” According to the EVC theory, individuals’ willingness to participate in continuing education is
influenced by their overall judgment of the feasibility, subjective value, and perceived cost of the behavior.?” 2° In this
framework, value is mainly reflected in individuals’ evaluation of the career-related benefits of continuing education and
the extent to which it is recognized as meaningful for their work, whereas cost is mainly reflected in the time, energy,
workload, and financial investment required. By contrast, the JD-R theory focuses on the work context and emphasizes
the role of job demands and job resources in shaping behavioral tendencies.>*>® In the present study, job demands
mainly included work intensity, work fatigue, and work time, whereas job resources mainly included organizational and
team support, career development opportunities, and external support factors such as family support and societal
recognition. The integrated framework facilitated a more comprehensive analysis of the factors associated with
C-CDC staff’s willingness to participate in continuing education from both the perspective of individual decision-
making and the work context. The flow chart of the study framework was shown in Figure 1.

Research Design and Data Collection

In this study, a cross-sectional survey design was adopted. A stratified cluster sampling method was used to distribute an
electronic questionnaire online in May 2023. The strata referred to the regions in Northeast China, whereas the clusters
referred to C-CDC institutional units within each stratified region. The objects of this study were on-the-job staff of the
C-CDC, including personnel engaged in a range of duties such as administrative management, health supervision, and
emergency response. After the variables were preliminarily determined based on the theoretical framework and relevant
literature, we further invited two senior experts in the field and several research professionals to discuss and determined
the variable selection and questionnaire items. Data were collected through an anonymous online survey to protect

participant privacy and improve the authenticity of responses. Before completing the questionnaire, participants were
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Figure | Flow chart of the study framework.

required to voluntarily provide informed consent on the front page of the online survey and confirm the authenticity and
accuracy of the information provided.

The sample size in this study was estimated using the formula commonly applied for proportion estimation in cross-
sectional surveys, with additional consideration of the stratified cluster sampling design. The formula is as follows:

lefa/2P(1 _P)

n = deff x 7

The two-sided significance level was set at a = 0.05, with P = 0.50, an allowable error of d = 0.04, and a design effect of
2.00. The estimated minimum required sample size was approximately 1,202 participants. A total of approximately
15,000 questionnaires were distributed through the electronic platform. With strong support from CDC institutions across
different regions, 12,150 questionnaires were returned. To ensure data quality, questionnaires were excluded according to
the following criteria: (1) participants completed the questionnaire in an excessively short time; (2) evidence of obvious
patterned responding, such as selecting the same option throughout the questionnaire; (3) clear logical inconsistencies in
the responses; (4) failure to provide informed consent or to complete the questionnaire. Finally, 11,912 were ultimately
included, indicating that the sample size was sufficient for the statistical analyses.

The questionnaire demonstrated good internal consistency, with a Cronbach’s a coefficient of 0.824. The KMO value
was 0.877, and Bartlett’s test of sphericity was statistically significant (y2 = 86,081.334, P < 0.001), indicating that the
data were suitable for factor analysis. A relatively clear three-factor structure was ultimately identified, with a cumulative

variance contribution rate of 60.055%, suggesting acceptable structural validity of the questionnaire. Specifically, the
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three dimensions were work conditions, perceived cost of continuing education, and professional identity and support,
which were generally consistent with the theoretical framework of the study.

Variable

Dependent Variable

The dependent variable in this study was a dichotomous measure of willingness to participate in continuing education. It
was derived from the question: “Are you willing to participate in continuing education?” Response options were listed as
(1) Completely unwilling (2) Unwilling (3) Moderate (4) Willing (5) Very willing. For analysis, very unwilling,
unwilling, and moderate were classified as low willingness, whereas willing and very willing were classified as high
willingness.

Independent Variables

All independent variables in this study were categorical variables, including Sex, Age, Educational level, Work year,
Work fatigue, Family support for job, Rationality of career development opportunities, Continuing education cost, and
Job achievement, etc. The specific questionnaire items, coding methods, and classification criteria for all variables were
presented in Table S1.

Statistical Analysis

Statistical analyses were conducted utilizing R (version 4.4.2), with y’-tests performed to examine the associations between
C-CDC staff’s willingness to engage in continuing education and each predictor variable. The Bayesian network topology
was constructed using R and GENIE software. Initially, the Bayesian network model was populated with variables that
demonstrated statistical significance in the y’-tests, thereby illustrating the interrelationships and hierarchical structure among
factors. The “bnlearn” package in R was used to implement the max-min hill-climbing algorithm for structural learning. This
process resulted in the generation of an initial network structure. The refinement process was discussed by the research team
and domain experts, and the manual refinement was restricted to arcs with directions that were clearly inconsistent with
temporal order, theoretical assumptions, or practical interpretability. Subsequently, the refined network structure was
visualized in GENIE software. A Delta p sensitivity analysis was then applied to rank the parameters. Finally, a 10-fold
cross validation analysis was used to examine the model performance. In addition, we reported the results of the logistic
regression analysis in Table S2A and B to better justify our choice of Bayesian network analysis.

Results

A total of 11,912 C-CDC staff members participated in this survey, 32.5% of whom were male and 67.5% were female.
Table 1 presents the descriptive statistics and univariate analysis results. The age distribution of participants was
relatively even, with the majority holding a bachelor’s degree (62.1%), working at district/county-level C-CDC
(65.9%), and holding a junior job title (56.3%). Additionally, 36.8% of participants had over 20 years of work
experience, and 51.5% reported a post-tax monthly income between 3,000 and 5,000 RMB. The distribution of variables
related to work conditions, continuing education costs, and professional identity, as well as their associations with
willingness to participate in continuing education, are presented in Table 2.

Bayesian Network Model Construction
In this study, the Bayesian network model was constructed with 20 nodes, comprising 19 explanatory variables identified
as significantly associated with continuing education willingness in the univariate analysis. In addition to these variables,
continuing education willingness itself was designed as the dependent variable. The topological structure of the Bayesian
network and the marginal probabilities of the studied variables are shown in Figure 2, which clearly illustrates the
parameter relationships and the structural learning state of the model used to predict the willingness of C-CDC staff to
engage in continuing education.

The Bayesian network analysis was used to describe the conditional correlation and joint distribution structure
between variables. The edges and directions in the network are used to parameterize conditional probability tables and
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Table | Sociodemographic characteristics of respondents and results of univariate analysis

Variable Total N (%) High Willingness to 7 P
Participate in Continuing
Education N (%)
Sex 70.042 <0.001
Male 3876(32.5) 3196(31.1)
Female 8036(67.5) 7079(68.9)
Age 27.718 <0.001
<30 3208(26.9) 2808(27.3)
31-40 3332(28.0) 2913(28.5)
41-50 3010(25.3) 2546(24.8)
=51 2362(19.8) 1990(19.4)
Educational level 12.631 0.002
Below bachelor’s degree 3472(29.1) 2938(28.6)
Bachelor’s degree 7400(62.1) 6420(62.5)
Above bachelor’s degree 1040(8.7) 917(8.9)
Job title 4813 0.090
Junior 6710(56.3) 5747(55.9)
Intermediate 2272(19.1) 1978(19.3)
Senior 2930(24.6) 2550(24.8)
With an authorized establishment post 0.035 0.852
Yes 10374(87.1) 8946(87.1)
No 1538(12.9) 1329(12.9)
Institutional classification 5.548 0.062
Provincial or municipal level 708(5.9) 631(6.1)
Prefectural level 3351(28.1) 2894(28.2)
County or district level 7853(65.9) 6750(65.7)
Income monthly 1.891 0.756
< 3000 1603(13.5) 1378(13.4)
3000-5000 6138(51.5) 5291(51.5)
5001-7000 2872(24.1) 2475(24.1)
7001-8000 725(6.1) 625(6.1)
> 8000 574(4.8) 506(4.9)

perform predictive inference. The results demonstrated that family support for work, rationality of career development
opportunities, work fatigue, and team cohesion were directly associated with willingness to participate in continuing
education. Societal recognition of job, professional pride, and sense of job achievement were indirectly associated with
willingness to participate in continuing education.

Subsequently, a sensitivity analysis was conducted to evaluate the model’s results (Figure 3). The analysis identified
nine key nodes as sensitive indicators for predicting C-CDC staff’s willingness to participate in continuing education.
These indicators include societal recognition of job, family support, team cohesion, sense of job achievement, team
belonging, work intensity, rationality of career development opportunities, work fatigue, and professional pride.

Table 3 presented the influence values in the Bayesian model obtained after the above sensitivity analysis, including
the interaction effects of the nine nodes associated with the final node factor. The association between sense of job
achievement and team belonging (0.357), team belonging and team cohesion (0.461), team belonging and professional
pride (0.398) were the most significant values respectively.

The validity and goodness of fit of the Bayesian network model were assessed by means of a receiver operating
characteristic (ROC) curve analysis (Figure 4). The Area Under the Curve (AUC) value was 0.69, indicating a moderate
discriminative ability and interpreting as a supplementary evaluation of model discrimination. The confusion matrix
related to the willingness of C-CDC staff to participate in continuing education was also calculated (Table 4).
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Table 2 Work conditions, cost and supporting factors of respondents and results of univariate analysis

Variable Total N (%) High Willingness to Ve P
Participate in Continuing
Education N (%)

Work year 23.451 <0.001
<5 3844(32.3) 3388(33.0)
6-10 1532(12.9) 1326(12.9)
11-20 2152(18.1) 1857(18.1)
22| 4384(36.8) 3703(36.0)

Work time 1.408 0.235
> 8h 848(7.1) 720(7.0)
< 8h 11064(92.9) 9555(93.0)

Work intensity 11.515 0.003
Low 180(1.5) 154(1.5)
Medium 6602(55.4) 5758(56.0)
High 5130(43.1) 4363(42.5)

Work fatigue 99.841 <0.001
Low 6929(58.2) 6162(60.0)
High 4983(41.8) 4113(40.0)

Time cost 40.458 <0.001
Low 1676(14.1) 1376(13.4)
Medium 4027(33.8) 3560(34.6)
High 6209(52.1) 5339(52.0)

Money cost 4.574 0.032
Low 6317(53.0) 5489(53.4)
High 5595(47.0) 4786(46.6)

Workload 8.332 0.004
Low 5699(47.8) 4970(48.4)
High 6213(52.2) 5305(51.6)

Energy involved 8.201 0.004
Low 5484(46.0) 4784(46.6)
High 6428(54.0) 5491(53.4)

Job achievement 151.178 <0.001
Low 4888(41.0) 3989(38.8)
High 7024(59.0) 6286(61.2)

Team belonging 250.086 <0.001
Low 4082(34.3) 3239(31.5)
High 7830(65.7) 7036(68.5)

Team cohesion 216.933 <0.001
Low 4006(33.6) 3194(31.1)
High 7906(66.4) 7081(68.9)

Professional pride 228.119 <0.001
Low 4257(35.7) 3267(33.1)
High 7655(64.3) 6875(66.9)

Personal recognition of job 221.924 <0.001
Low 3614(30.3) 2860(27.8)
High 8298(69.7) 7415(72.2)

Family support for job 214.247 <0.001
Low 2710(22.8) 2107(20.5)
High 9202(77.2) 8168(79.5)

Societal recognition of job 178.557 <0.001
Low 6483(54.4) 5342(52.0)
High 5429(45.6) 4933(48.0)

(Continued)
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Table 2 (Continued).

Variable Total N (%) High Willingness to Ve P
Participate in Continuing
Education N (%)
Income satisfaction 23.288 <0.001
Low 10749(90.2) 9218(89.7)
High 1163(9.8) 1057(10.3)
Career development opportunities 153.718 <0.001
Low 7653(64.2) 6378(62.1)
High 4259(35.8) 3897(37.9)

Additionally, Table 5 is the conditional probability table of willingness to continue education, exhibiting the

probabilistic dependence between work fatigue, rationality of career development opportunities, team cohesion, family

support for job and willingness to continue education. The probability of participation in continuing education was

increased to 94.2% for C-CDC staff who had lower work fatigue, more rational career development opportunities, better
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Notes: A (< 30), B (31-40), C (41-50), D (= 5I) in Age node; A (<5), B (6-10), C (11-20), D (221) in WY node; A (Below bachelor’s degree), B (Bachelor’s degree),
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Abbreviations: EL, Educational level; WY, Work year; WI, Work intensity; WF, Work fatigue; TC, Time cost; MC, Money cost; El, Energy involved; JA, Job achievement;
TB, Team belonging; TCO, Team cohesion; PP, Professional pride; PR, Personal recognition of job; FS, Family support for job; SR, Societal recognition of job; IS, Income
satisfaction; CDO, Career development opportunities; WTCE, Willingness to continuing education.
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team cohesion and family support. However, the probability of participation in continuing education decreased to 72.2%
under the opposite conditions.

Bayesian Network Predictive Inference

The Bayesian network model facilitates predictive inference, enabling the analysis of how various behavioral nodes
relate to the final outcomes by establishing specific result states. By manipulating the outcome state, the model can
determine the likely states of related variables, thereby providing insights into their joint probability with continuing
education willingness. As shown in Figure 5(A), when the model was calibrated to reflect a 100% high level of
willingness for C-CDC staff to participate in continuing education, a comparison with the original structure revealed
varying degrees of increase in key related factors, including societal recognition of job, family support, and the
rationality of career development opportunities. While these increases may be considered relatively minor, they never-
theless underscore the important associations these factors have with continuing education willingness.

As shown in Figure 5(B), when the model is calibrated to represent a 100% low willingness for C-CDC staff to
participate in continuing education, a comparison with the original structure reveals substantial changes in key related
factors. Notably, work fatigue increased by 10%, highlighting the correlation between work conditions and continuing
education willingness. Additionally, several professional identity-related factors exhibited notable changes: team cohe-
sion decreased by 11%, rationality of career development opportunities decreased by 10%, sense of job achievement
decreased by 7%, family support for job decreased by 10%, team belonging decreased by 10%, societal recognition of
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Table 3 The Influence Value From
the Association of the Factors in the
Bayesian Model

Parent | Child | Influence Value
SR Cbo 0.115
SR FS 0.160
CDO WTCE 0.038
CDO WF 0.062
FS WTCE 0.061
WiI WF 0.206
WF WTCE 0.032
TB TCO 0.461
TCO WF 0.197
TCO WTCE 0.049
JA TCO 0.321
JA PP 0.343
JA TB 0.357
PP TB 0.398

Abbreviations: WI, Work intensity; WF, Work
fatigue; TC, Time cost; JA, Job achievement; TB,
Team belonging; TCO, Team cohesion; PP,
Professional pride; FS, Family support for job;
SR, Societal recognition of job; CDO, Career
development opportunities; WTCE, Willingness
to continuing education.

job decreased by 7%, professional pride and personal recognition of job each decreased by 6%. These findings indicated
the significant joint probability between professional identity and continuing education willingness. Based on the above

results, several organization-related factors, including team cohesion, rationality of career development opportunities,

1.0 1

0.8 1

True Positive Rate
o
o
|

o
IS
|

0.2 A

0.0 A

0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate

Figure 4 ROC curve (for Willingness to continuing education = High).
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Table 4 The Confusion Matrix Related to CDC
Staff’s Willingness to Continuing Education

Predicted
Low High
Actual | Low 965 672
High 3654 6621

Table 5 Conditional Probability Table for Willingness to Continue Education

Work Career Development Team Family Willingness
Fatigue Opportunities Cohesion Support for to
Work Continuing
Education
Low | High
Low Low Low Low 0.250 | 0.750
Low Low Low High 0.142 | 0.858
Low Low High Low 0.170 | 0.830
Low Low High High 0.102 | 0.898
Low High Low Low 0.136 | 0.864
Low High Low High 0.107 | 0.893
Low High High Low 0.136 | 0.864
Low High High High 0.058 | 0.942
High Low Low Low 0.278 | 0.722
High Low Low High 0.231 | 0.769
High Low High Low 0.211 | 0.789
High Low High High 0.127 | 0.893
High High Low Low 0.238 | 0.762
High High Low High 0.171 | 0.829
High High High Low 0.164 | 0.836
High High High High 0.087 | 0.913

team belonging, job achievement, and family support for job, and other factors, emerged as key drivers of employee
engagement in continuing education. Collectively, these factors can be understood as reflecting the broader dimension of
professional identity.

Discussion
Due to the unique advantages in handling nonlinear relationships and complex interactions among variables, the
Bayesian network has been widely applied in occupational behavior decision analysis.>* Previous study emphasized
that Bayesian network inference to assess students’ clinical reasoning abilities could help educators design clearer
assessment frameworks, thereby improving medical education and providing a dynamic research pathway to improve
clinical practice.’ Therefore, we employed Bayesian network and the integrated theoretical framework of EVC and JD-
R to explore the participation of C-CDC staff in continuing education, as well as the interactions among these factors.
The present study showed that professional identity—related factors were more prominently associated with will-
ingness to participate in continuing education than other factors. Professional pride, personal recognition of job, and
sense of job achievement may reflect individuals’ subjective evaluation of professional competence and value. By
contrast, team cohesion, team belonging, and rationality of career development opportunities may represent the
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organizational and contextual resources that support participation. These elements provided individuals with the
necessary resources and a secure psychological environment, enabling them to transform their interests and intentions
into concrete participation. Taken together, the findings highlighted the potential relevance of both individual perceptions
and organizational contexts in promoting continuing education engagement.

Family support for work emerged as a critical factor associated with the participation of staff in continuing education.
Previous studies have suggested that family-related support may facilitate participation in continuing education by factors
such as family structural obligations, time availability, and social satisfaction brought to family members derived from
societal recognition of job.**** Meanwhile, social recognition and family support for work are closely intertwined.
Positive societal evaluations and enhanced professional prestige have been shown to increase the level of family
support.®”*® The public’s perception of the significance of a job is a key factor in determining the level of understanding
shown by family members.?**'*?> Most prior studies were conducted in broader educational or healthcare contexts and
mainly provided descriptive accounts, without fully examining how social recognition and family support jointly operate
within a broader occupational setting. Our study integrated and extended previous research by providing a more
contextualized explanation of continuing education willingness, indicating the influences on willingness to participate
in continuing education should be understood within a broader network of conditional dependencies, in which Societal
recognition of job and Family support for job are structurally interconnected rather than operating as separate indepen-
dent factors.

The network also suggested that team belonging, sense of job achievement, and professional pride were structurally
linked to team cohesion, which in turn was directly associated with willingness to participate in continuing education.
This pattern suggested that team cohesion may not operate as an isolated organizational attribute, but rather as part of
a broader internal support structure associated with supportive environment for continuing education. The findings
implied that continuing education policies may be more acceptable and sustainable when they were embedded in
a supportive organizational climate and aligned with staff members’ professional development needs.

The association between work conditions and willingness to participate in continuing education should not be
overlooked. Job demands, characterized by high work intensity or work fatigue, consume staff’s limited time and energy,
thereby increasing burnout and reducing participation feasibility.?” The negative correlation with work fatigue and
educational participation has been validated in studies on the education sector, indicating that managing occupational
stress is a common challenge across different fields of continuing education interventions.*> A survey on continuing
medical education participation among general practitioners in Denmark revealed that lack of time, high work intensity,
and inadequate departmental infrastructure in hospitals were the primary barriers preventing staff from engaging in
professional development training.”> However, the existing evidence remains limited, as they were conducted in other
professional groups or general educational settings and mainly identified these factors as independent barriers, without
fully examining their interdependence with organizational and motivational factors. In this study, our findings were
broadly consistent with this literature, while also suggesting a more structured pattern: work fatigue was associated with
willingness to participate in continuing education, and work intensity and team cohesion were further connected to this
pathway. This pattern indicated that work burden among C-CDC staff may be better understood in relation to both work
resource and workplace support, rather than as a single standalone barrier.

Taken together, the findings suggested that efforts to improve continuing education participation among C-CDC staff
need to address multiple levels simultaneously. Organizational strategies that strengthen team cohesion and clarify career
development opportunities, together with supportive measures that reduce work-related burden and family-related
constraints, may be particularly important. In addition, more flexible and need-based continuing education arrangements
may help staff engage in professional development under demanding work conditions.

Limitations of the Study

In this study, although we used an anonymous survey and predefined criteria to reduce information bias, self-reported
questionnaires remained vulnerable to reporting bias, social desirability bias, and common method bias. These sources of
bias could not be fully eliminated. The Bayesian network model developed in this study helped clarify the key
mechanisms associated with C-CDC staff’s propensity to participate in continuing education. However, the cross-
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sectional design meant that the findings primarily reflect conditional associations among variables and do not allow direct
inference of strict causal effects. In addition, dichotomizing Likert-scale variables may facilitate Bayesian network
modeling and improve the interpretability of the results, it may also reduce the granularity of the original scale
information. The theory-informed modifications in Bayesian network are methodologically reasonable, yet they inevi-
tably involve a degree of researcher judgment. Finally, the regional sampling strategy limits the generalizability of the
findings to other CDC systems across different regions.

Conclusion

This study aimed to systematically examine factors associated with C-CDC staff’s willingness to participate in continu-
ing education and to reveal the complex interrelationships among these factors using a Bayesian network model, and the
aims of this study were overall achieved. The findings revealed that professional identity—related factors were more
prominently associated with willingness to participate in continuing education than other demographic variables,
reflecting the complex interrelationships among the associated factors. Conversely, work fatigue and high-intensity
workloads were found to be negatively associated with education willingness. Based on these findings, we recommend
optimizing career development planning, reinforcing team cohesion, implementing family-friendly policies, reducing
workload burdens, and designing need-based continuing education programs. These strategies may provide preliminary
evidence for fostering a positive and supportive continuing education environment for C-CDC staff.

Ethics Statement

The study was reviewed and approved by the Ethics Committee of Harbin Medical University (Approval No:
HMUIRB2025064PRE). All procedures were performed in accordance with the ethical standards of the institutional
research committee and with the principles of the Declaration of Helsinki.

Acknowledgments
The authors declare that financial support was received for the research and publication of this article. This work was
supported by the National Natural Science Foundation of China (Grant Nos. 72361137562).

Disclosure
The authors declare no conflicts of interest in this work.

References

1. Yang J, Vaghela S, Yarnoff B, et al. Estimated global public health and economic impact of COVID-19 vaccines in the pre-omicron era using
real-world empirical data. Expert Rev. Vaccines. 2023;22(1):54—65. doi:10.1080/14760584.2023.2157817
2. Peres MA, Macpherson LM, Weyant RJ, et al. Oral diseases: a global public health challenge. Lancet. 2019;394(10194):249-260. doi:10.1016/
S0140-6736(19)31146-8
3. Nuzzo JB, Borio LL, Gostin LO. The WHO declaration of monkeypox as a global public health emergency. JAMA. 2022;328(7):615-617.
doi:10.1001/jama.2022.12513
4. Booth A, Reed AB, Ponzo S, et al. Population risk factors for severe disease and mortality in COVID-19: a global systematic review and
meta-analysis. PLoS One. 2021;16(3):e0247461. doi:10.1371/journal.pone.0247461
5. Phelan AL, Meier BM, Habibi R, Gostin L. Global health reform must continue amid new infectious disease threats. BMJ. 2024;q1601.
doi:10.1136/bmj.q1601
6. Guo B, Feng W, Cai H, Lin J. Influence of public hospital reform on public health: evidence from a quasi-natural experiment in China. Front Public
Health. 2023;11:1104328. doi:10.3389/fpubh.2023.1104328
7. Wang Q, Lv Y, Han R, Tangcharoensathien V, Yang L. Sustaining the adequacy and competency of CDC Staff in China after COVID-19. J Glob
Health. 2025;15:03003. doi:10.7189/jogh.15.03003
8. King AC, Doueiri ZN, Kaulberg A, Goldman Rosas L. The promise and perils of artificial intelligence in advancing participatory science and health
equity in public health. MIR Public Health Surveill. 2025;11:¢65699. doi:10.2196/65699
9. Zuo G, Wang R, Wan C, Zhang Z, Zhang S, Yang W. Unveiling the evolution of virtual reality in medicine: a bibliometric analysis of research
hotspots and trends over the past 12 years. Healthcare. 2024;12(13). doi:10.3390/healthcare12131266
10. Phung D, Colén-Gonzalez FJ, Weinberger DM, et al. Advancing adoptability and sustainability of digital prediction tools for climate-sensitive
infectious disease prevention and control. Nat Commun. 2025;16(1):1644. doi:10.1038/s41467-025-56826-6
11. Peralta LR, Forsyth R, Lapi N, et al. Health literacy of adolescents’ responses to a workshop focusing on food, nutrition, climate change and digital
technology solutions in Oceania: a multi-site pilot study in Vanuatu. BMC Public Health. 2025;25(1):648. doi:10.1186/s12889-025-21865-7

Journal of Multidisciplinary Healthcare 2026:19 https: 13


https://doi.org/10.1080/14760584.2023.2157817
https://doi.org/10.1016/S0140-6736(19)31146-8
https://doi.org/10.1016/S0140-6736(19)31146-8
https://doi.org/10.1001/jama.2022.12513
https://doi.org/10.1371/journal.pone.0247461
https://doi.org/10.1136/bmj.q1601
https://doi.org/10.3389/fpubh.2023.1104328
https://doi.org/10.7189/jogh.15.03003
https://doi.org/10.2196/65699
https://doi.org/10.3390/healthcare12131266
https://doi.org/10.1038/s41467-025-56826-6
https://doi.org/10.1186/s12889-025-21865-7

Lu et al

12.

13.

14.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

Wang Z-Y, Zhang L-J, Liu Y-H, Jiang W-X, Tang S-L, Liu X-Y. Process evaluation of E-learning in continuing medical education: evidence from
the China-Gates Foundation Tuberculosis Control Program. Infect. Dis. Poverty. 2021;10(1):23. doi:10.1186/340249-021-00810-x

Liu J, Mao Y. Continuing medical education and work commitment among rural healthcare workers: a cross-sectional study in 11 western provinces
in China. BMJ Open. 2020;10(8):e037985. doi:10.1136/bmjopen-2020-037985

Tong MX, Hansen A, Hanson-Easey S, et al. Perceptions of capacity for infectious disease control and prevention to meet the challenges of dengue
fever in the face of climate change: a survey among CDC staff in Guangdong Province, China. Environ. Res. 2016;148:295-302. Environmental
research. doi:10.1016/j.envres.2016.03.043

. Sherman L, Kuang M, Yang D-YD, Chappell K. An overview of continuing medical education/continuing professional development systems in

China: a mixed methods assessment. J CME. 2024;13(1):2363855. doi:10.1080/28338073.2024.2363855

. Wong WCW, Zhu S, Ong JJ, et al. Primary care workforce and continuous medical education in China: lessons to learn from a nationwide

cross-sectional survey. BMJ Open. 2017;7(7):e015145. doi:10.1136/bmjopen-2016-015145

. Vinas EK, Schroedl CJ, Rayburn WF. Advancing Academic Continuing Medical Education/Continuing Professional Development: adapting a Classical

Framework to Address Contemporary Challenges. J Contin Educ Health Prof. 2020;40(2):120—-124. doi:10.1097/CEH.0000000000000286

. Zhuge R, Ruzieva A, Chang N, et al. Evaluation of emergency drills effectiveness by center of disease prevention and control staff in Heilongjiang

Province, China: an empirical study using the logistic-ISM model. Front Public Health. 2024;12:1305426. doi:10.3389/fpubh.2024.1305426

. Reis T, Faria I, Serra H, Xavier M. Barriers and facilitators to implementing a continuing medical education intervention in a primary health care

setting. BMC Health Serv Res. 2022;22(1):638. doi:10.1186/512913-022-08019-w

French H, Dowds J. An overview of continuing professional development in physiotherapy. Physiotherapy. 2008;94(3):190-197. doi:10.1016/].
physio.2007.09.004

Koskimédki M, Lahteenmaki ML, Mikkonen K, et al. Continuing professional development among social- and health-care educators. Scand
J Caring Sci. 2021;35(2):668—677. doi:10.1111/scs.12948

Ibsen H, Lillevang G, Sendergaard J, Kjaer N. “We don’t need no education”-a qualitative study of barriers to continuous medical education among
Danish general practitioners. BMC Med Educ. 2023;23(1):450. doi:10.1186/s12909-023-04432-9

Afolabi A, Fernando S, Bottiglieri TJB. The effect of organisational factors in motivating healthcare employees: a systematic review. Br. J. Health
Care Manag. 2018;24(12):603-610. doi:10.12968/bjhc.2018.24.12.603

Manley K, Martin A, Jackson C, Wright T. A realist synthesis of effective continuing professional development (CPD): a case study of healthcare
practitioners’ CPD. Nurse Educ. Today. 2018;69:134—141. doi:10.1016/j.nedt.2018.07.010

Ibsen H, Ahrenfeldt LJ, Lykkegaard J, Sendergaard J, Svab I, Kjaer NK. Barriers for continuous medical education: a cross-sectional questionnaire
study among Danish GPs. BJGP Open. 2024;8(3):BJGP0.2023.0228. doi:10.3399/BJGP0.2023.0228

Kohnen D, De Witte H, Schaufeli WB, et al. Key drivers of nurse burnout and work engagement in Europe: a cross-sectional dominance analysis.
Int J Nurs Stud. 2026;173:105251. doi:10.1016/j.ijnurstu.2025.105251

D’Arrietta LM, Vangaveti VN, Crowe MJ, Malau-Aduli BS. Exploring the motivation of health professionals to engage with research at various
career stages. BMC Health Serv Res. 2024;24(1):305. doi:10.1186/s12913-024-10772-z

Eccles JS, Wigfield AJ. From expectancy-value theory to situated expectancy-value theory: a developmental, social cognitive, and sociocultural
perspective on motivation. Contemp Educ Psychol. 2020;61:101859. doi:10.1016/j.cedpsych.2020.101859

D’Arrietta LM, Vangaveti VN, Crowe MJ, Malau-Aduli BS. Impact of research training on newly graduated health professionals’ motivation to
undertake research. J. Multidiscip. Healthc. 2022;15:2223-2240. doi:10.2147/jmdh.S377963

Morales-Garcia WC, Vallejos M, Sairitupa-Sanchez LZ, Morales-Garcia SB, Rivera-Lozada O, Morales-Garcia M. Depression, professional
self-efficacy, and job performance as predictors of life satisfaction: the mediating role of work engagement in nurses. Front Public Health.
2024;12:1268336. doi:10.3389/fpubh.2024.1268336

Zhang C, Feng J, Li D, Wang H. Evaluating the association between job stress and presenteeism among nurses: the mediating role of emotional
exhaustion and the moderating effect of leisure crafting. Front Public Health. 2026;14:1719915. doi:10.3389/fpubh.2026.1719915

Read E, Metersky K, Matthews L, MacLean R. Understanding the work life of clinical nurse educators in Canadian hospitals through the Job
Demands-Resources Model: a descriptive qualitative study. Int J Nurs Stud. 2026;173:105249. doi:10.1016/j.ijnurstu.2025.105249

Kato Y, Chiba R, Shimazu A, et al. Work engagement and the validity of job demands-resources model among nurses in japan: a literature review.
Workplace Health Safety. 2021;69(7):323-342. doi:10.1177/21650799211002471

Peal J. Bayesian networks: a model of self-activated memory for evidential reasoning. 1985.

Dauchet L, Bentegeac R, Ghauss H, et al. Evaluating script concordance tests (SCTs) through the lens of Bayesian reasoning: enhancing assessment
in medical education. J. epidemiol. popul. health. 2025;73(1):202804. doi:10.1016/j.jeph.2024.202804

Chen X, Zhang Y, Arber A, et al. The training effects of a continuing education program on nurses’ knowledge and attitudes to palliative care:
a cross sectional study. BMC Palliative Care. 2022;21(1):56. doi:10.1186/s12904-022-00953-0

Diskin C, Robinson K, Agrawal R, Masterson D, Coleman C, Cohen E. Family partnership in continuing medical education: a collaborative
experience. Pediatrics. 2023;151(5). doi:10.1542/peds.2022-060280

Burrow S, Mairs H, Pusey H, Bradshaw T, Keady J. Continuing professional education: motivations and experiences of health and social care
professional’s part-time study in higher education. A qualitative literature review. Int J Nurs Stud. 2016;63:139-145. doi:10.1016/j.
ijnurstu.2016.08.011

Acoba E. Social support and mental health: the mediating role of perceived stress. Front. Psychol. 2024;15:1330720. doi:10.3389/
fpsyg.2024.1330720

Kane S, Joshi M, Mahal A, McPake B. How social norms and values shape household healthcare expenditures and resource allocation: insights
from India. Soc sci med. 2023;336:116286. doi:10.1016/j.socscimed.2023.116286

Tian J, Atkinson NL, Portnoy B, Gold RS. A systematic review of evaluation in formal continuing medical education. J Contin Educ Health Prof.
2007;27(1):16-27. doi:10.1002/chp.89

Njenga M. Teacher participation in continuing professional development: a theoretical framework. J. Adult Contin. Educ. 2023;29(1):69-85.
doi:10.1177/14779714221123603

Maslach C, Leiter M. Understanding the burnout experience: recent research and its implications for psychiatry. World Psychiatry. 2016;15
(2):103—-111. doi:10.1002/wps.20311

14

https: Journal of Multidisciplinary Healthcare 2026:19


https://doi.org/10.1186/s40249-021-00810-x
https://doi.org/10.1136/bmjopen-2020-037985
https://doi.org/10.1016/j.envres.2016.03.043
https://doi.org/10.1080/28338073.2024.2363855
https://doi.org/10.1136/bmjopen-2016-015145
https://doi.org/10.1097/CEH.0000000000000286
https://doi.org/10.3389/fpubh.2024.1305426
https://doi.org/10.1186/s12913-022-08019-w
https://doi.org/10.1016/j.physio.2007.09.004
https://doi.org/10.1016/j.physio.2007.09.004
https://doi.org/10.1111/scs.12948
https://doi.org/10.1186/s12909-023-04432-9
https://doi.org/10.12968/bjhc.2018.24.12.603
https://doi.org/10.1016/j.nedt.2018.07.010
https://doi.org/10.3399/BJGPO.2023.0228
https://doi.org/10.1016/j.ijnurstu.2025.105251
https://doi.org/10.1186/s12913-024-10772-z
https://doi.org/10.1016/j.cedpsych.2020.101859
https://doi.org/10.2147/jmdh.S377963
https://doi.org/10.3389/fpubh.2024.1268336
https://doi.org/10.3389/fpubh.2026.1719915
https://doi.org/10.1016/j.ijnurstu.2025.105249
https://doi.org/10.1177/21650799211002471
https://doi.org/10.1016/j.jeph.2024.202804
https://doi.org/10.1186/s12904-022-00953-0
https://doi.org/10.1542/peds.2022-060280
https://doi.org/10.1016/j.ijnurstu.2016.08.011
https://doi.org/10.1016/j.ijnurstu.2016.08.011
https://doi.org/10.3389/fpsyg.2024.1330720
https://doi.org/10.3389/fpsyg.2024.1330720
https://doi.org/10.1016/j.socscimed.2023.116286
https://doi.org/10.1002/chp.89
https://doi.org/10.1177/14779714221123603
https://doi.org/10.1002/wps.20311

Lu et al

Journal of Multidisciplinary Healthcare Dovepress

Taylor & Francis Group
Publish your work in this journal

The Journal of Multidisciplinary Healthcare is an international, peer-reviewed open-access journal that aims to represent and publish research in
healthcare areas delivered by practitioners of different disciplines. This includes studies and reviews conducted by multidisciplinary teams as well
as research which evaluates the results or conduct of such teams or healthcare processes in general. The journal covers a very wide range of areas
and welcomes submissions from practitioners at all levels, from all over the world. The manuscript management system is completely online and
includes a very quick and fair peer-review system. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/journal-of-multidisciplinary-healthcare-journal

Journal of Multidisciplinary Healthcare 2026:19

HFXingQ 15


https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Methods
	Theoretical Framework
	Research Design and Data Collection
	Variable
	Dependent Variable
	Independent Variables

	Statistical Analysis

	Results
	Bayesian Network Model Construction
	Bayesian Network Predictive Inference

	Discussion
	Limitations of the Study
	Conclusion
	Ethics Statement
	Acknowledgments
	Disclosure

