Lan et al. BMC Medical Education (2023) 23:646 B MC Medic a | Ed uc ation
https://doi.org/10.1186/512909-023-04578-6

Self-reported critical gaps in the essential Gl
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Abstract

Background Spatial epidemiology plays an important role in public health. Yet, it is unclear whether the current
university education in spatial epidemiology in China could meet the competency-oriented professional demands.
This study aimed to understand the current situation of education and training, practical application, and poten-
tial demands in spatial epidemiology among public health postgraduates in China, and to assess the critical gaps
in a future emerging infectious diseases (EID) pandemic preparedness and response.

Methods This study was divided into three parts. The first part was a comparative study on spatial epidemiol-

ogy education in international public health postgraduate training. The second part was a cross-sectional survey
conducted among public health professionals. The third part was a nationwide cross-sectional survey conducted
among public health postgraduates at Chinese universities from October 2020 to February 2021. Data was collected
by the WeChat-based questionnaire star survey system and analyzed using the SPSS software.

Results International education institutions had required public health postgraduates to master the essential
knowledge and capacity of spatial epidemiology. A total of 198 public health professionals were surveyed, and they
had a median of 4.00 (IQR 3.13-4.53) in demand degree of spatial epidemiology. A total of 1354 public health post-
graduates were surveyed from 51 universities. Only 29.41% (15/51) of universities offered spatial epidemiology course.
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course of spatial epidemiology.

Around 8.05% (109/1354) of postgraduates had learned spatial epidemiology, and had a median of 1.05 (IQR 1.00-
1.29) in learning degree and a median of 1.91 (IQR 1.05-2.78) in practical application degree of spatial epidemiology.
To enhance professional capacity, 65.95% (893/1354) of postgraduates hoped that universities would deliver a credit-

Conclusions A huge unmet education and training demand in spatial epidemiology existed in the current education
system of public health postgraduates in China. To enhance the competency-oriented professional capacity in prepar-
edness and response to a future pandemic, it is urgent to incorporate the teaching and training of spatial epidemiol-
ogy into the compulsory curriculum system of public health postgraduates in China.

Keywords Spatial epidemiology, Public health
professionals, Public health postgraduates, University
education, Competency-oriented professional demands

Background

Spatial epidemiology is an important disciplinary mod-
ule for public health [1, 2]. With the rapid development
of big data science and modern information technology,
and the improvement of accessibility to health-related
spatio-temporal big data, spatial epidemiology plays a
more important role in public health [2-4].

Public health postgraduates will be the leading pub-
lic health practitioners. In theory, university education
and training of public health postgraduates should be
oriented to the demands of public health fields, and be
informed by international educational standards and
educational practices of top-level universities worldwide
[5, 6]. To enhance preparedness and response to a future
pandemic of emerging infectious diseases (EID), public
health postgraduates should manage the essential theory
and knowledge of spatial epidemiology [7], and possess
certain skills in identifying the spatio-temporal trend of
diseases [8], detecting the spatio-temporal cluster of dis-
eases [9], and conducting spatio-temporal risk assess-
ment [10, 11]. Regarding international training programs
for public health postgraduates, the education and culti-
vation of knowledge and capacity in spatial epidemiology
are extremely highlighted. The Association of Schools of
Public Health in the European Region (ASPHER) empha-
sized that public health postgraduates should predict the
health status of populations using geographically relevant
information [12]. The Association of School & Programs
of Public Health (ASPPH) addressed the use of informat-
ics methods and resources by public health postgradu-
ates [13]. Furthermore, the curriculum systems of public
health talent training in top-level universities worldwide
also reflect the necessity and significance of public health
postgraduates to master spatio-temporal skills [14].

Professional knowledge and capacity in spatial epi-
demiology are greatly demanded in public health fields
[15]. Especially during the COVID-19 pandemic, these

demands were even more significant and urgent. Inte-
grating geographic information science and technology
(GIS&T) into surveillance, modeling, and response to
the COVID-19 pandemic has enhanced understanding
and control of the disease compared to the SARS-COV
outbreaks during 2002—-2003 and MERS-CoV outbreaks
during 2012-2014 [16]. Domains of integrating spatial
analysis techniques into prevention and control against
the COVID-19 pandemic included determining the spa-
tio-temporal trajectory of patients [17], digitally tracing
the personnel of close-contact exposure using geospatial
technologies [18], and assessing the geographical-social
susceptibilities of population and health disparities [19].
Public health fields are increasingly turning toward using
spatial analysis techniques [20]. Besides, WHO has put
forward the transformation path of health data. Health-
related data was visualized by spatial analysis techniques
and transformed into knowledge to assist in making deci-
sions for governments [21]. Successful applications of
spatial epidemiology have been reported in public health
fields [22-24]. These applications consistently high-
lighted the significance of spatial epidemiology in public
health practice.

Under the international education trends and profes-
sional competencies requirements of public health fields
for public health personnel, it is urgent to strengthen
the training of public health postgraduates in spatial
epidemiology during the university education period.
University education, particularly in the regular and
standardized curriculum education system, is the key
approach to cultivating the professional thinking and
capacity of spatial epidemiology among public health
postgraduates [7]. However, it is unclear whether the cur-
rent situation of university education and training in spa-
tial epidemiology among public health postgraduates in
China could meet the capacity reserve and talent prepa-
ration needed to respond to a future pandemic of EID,
and whether a huge gap existed between the current situ-
ation of university education and the demands of pub-
lic health fields. Therefore, we conducted this study to
compare spatial epidemiology education in international
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public health postgraduate training, to assess the profes-
sional demands for spatial epidemiology among public
health fields, to identify the current situation of univer-
sity education and training in spatial epidemiology and
the learning, application, and potential demand of public
health postgraduates for spatial epidemiology in China,
and then to assess the critical gaps in a future EID pan-
demic preparedness and response. This study would
provide evidence for refining the training mode of pub-
lic health talents in Chinese universities, particularly in
enhancing the professional capacity of spatial epidemiol-
ogy and spatio-temporal big data science to cope with a
future pandemic of EID.

Methods

Study setting

The development situation of public health postgraduate
education system in China is shown in Fig. S1. At pre-
sent, 155 universities in China have set up public health
education, 96 universities offer master-degree education
in public health, and 36 universities offer PhD-degree
education in public health. Specifically, 29 national-level
universities and 67 non-national-level universities offer
master-degree education in public health [25]. The cur-
riculum system of public health postgraduates in Chinese
universities consists of four parts, i.e., public compulsory
courses, specialized core courses, specialized compulsory
courses, and elective courses. Furthermore, specialized
core courses include biostatistics, epidemiology, public
health pedagogy, etc. [26].

Study design and study population

This study was divided into three parts. The first part
was a comparative study on spatial epidemiology educa-
tion in international public health postgraduate training.
The second part was a cross-sectional survey conducted
among public health professionals at 15 municipal and
provincial CDCs in Guangxi, China from March 2023 to
April 2023. The third part was a national cross-sectional
survey conducted among public health postgraduates
in Chinese universities from October 2020 to February
2021.

International education institutions include the Associ-
ation of Schools of Public Health in the European Region
(ASPHER) and the Association of School & Programs of
Public Health (ASPPH). The top-level universities world-
wide include Johns Hopkins University, London School
of Hygiene and Tropical Medicine, Yale University, Har-
vard University, University of Michigan, and Boston
University.

The public health professionals included in this study
should be (1) from 15 municipal and provincial CDCs
in Guangxi, China, (2) from key sections of public
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health practice, and (3) the chief or deputy chief of these
sections.

The public health postgraduates included in this study
should be (1) registered as master-degree postgradu-
ates and PhD-degree postgraduates, and (2) enrolled
in universities recognized by the Chinese Ministry of
Education.

Sampling technique

Public health professionals were recruited based on pur-
pose sampling, and public health postgraduates were
recruited based on convenience sampling.

Questionnaire development

Two self-designed online questionnaires were developed
to measure the demands for spatial epidemiology among
public health professionals and the professional knowl-
edge and capacity of spatial epidemiology among public
health postgraduates in China. We completed the draft of
questionnaires after reviewing the literature and consult-
ing with relevant experts. Based on the pre-survey, the
drafts of the questionnaires were modified and improved,
The contents of the final questionnaires are presented in
Supplementary Material 1 and Supplementary Material
2.

Measurement

The learning degree of spatial epidemiology of pub-
lic health postgraduates was scored on a 3-point Likert
scale. The practical application degree, efficacy percep-
tion degree, and demands degree of spatial epidemiology
of public health postgraduates were scored on a 5-point
Likert scale. The calculations of the learning degree,
practical application degree, efficacy perception degree,
and demands degree of public health professionals and
public health postgraduates are presented in Supplemen-
tary Material 3.

Data collection and data management

The educational materials on spatial epidemiology in
international public health postgraduate training were
searched from the official websites of education interna-
tional institutions and top-level universities worldwide.
The questionnaire data was collected via the WeChat
online questionnaire star survey system (Ranxing Infor-
mation Technology Company, Limited). The key inform-
ants sent the filling link of online questionnaire to the
study populations via WeChat (Tencent Holdings Lim-
ited). Eligible study populations were invited to fill out
the questionnaire. Finally, we exported the data from the
questionnaire star system and developed an Excel data-
base to manage the data.
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Quality control

Prior to survey, expert consultation was implemented
during questionnaire development and pilot study. Dur-
ing the survey, we controlled the quality of question-
naires completion by (1) contacting the director or
deputy director of the CDC to be the unit’s key inform-
ant, and contacting the dean or deputy dean of the uni-
versity’s school of public health to be the university’s key
informant, (2) clarifying the scope and the object of sur-
vey, (3) sending the filling links of online questionnaires
to eligible study population by the key informants, and
(4) tracking the questionnaire. We set up the following
quality controls during the data collection process: (1)
verification code to prevent repeated submissions, (2)
integrity restrictions to avoid incomplete questionnaires,
and (3) answer time of at least 120 s to avoid invalid
questionnaires. Post the survey, the questionnaire data
was cleaned and the unqualified questionnaires were
eliminated.

Data analysis

Statistical analysis was conducted using SPSS (version
22). Frequency and percentage were used to statistically
describe categorical data. The normality of continuous
data was assessed using the Shapiro—Wilk test. As data
was not distributed normally, the median and interquar-
tile range (IQR) were used for statistical description.
Comparisons of the learning degree, practical applica-
tion degree, efficacy perception degree, and potential
demands degree in spatial epidemiology were performed
using the Mann-Whitney U test between postgradu-
ates at national-level universities and non-national-level
universities, between master-degree and PhD-degree
postgraduates, between science-degree and professional-
degree postgraduates, respectively. Comparisons of the
learning degree, practical application degree, efficacy per-
ception degree, and potential demands degree in spatial
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epidemiology were performed using the Kruskal—Wallis
test among postgraduates majored in different second-
level disciplines of public health, and among postgradu-
ates graded in different academic years. Comparison of
categorical data between groups was conducted using the
chi-square test. P-value less than 0.05 was considered as
significant. The thematic map was produced using ESRI
ArcGIS software (version 10.7).

Results

The situation of sptial epidemiology education

in international public health postgraduate training

The ASPHER and ASPPH had developed training stand-
ards for the essential knowledge and capacity in spatial
epidemiology required for public health postgraduates
(Table S1). Top-level universities worldwide such as the
London School of Hygiene and Tropical Sciences had
offered spatial epidemiology relevant courses for public
health postgraduates (Table S2).

The situation of learning, practical application,

and professional demands of spatial epidemiology

among public health professionals

A total of 229 public health professionals were invited
to participate, and 198 public health professionals effec-
tively completed the survey (participation rate: 86.46%).
Only 38.38% (76/198) of public health professionals had
learned spatial epidemiology, and 19.70% (39/198) had
applied spatial epidemiology. However, public health
professionals had a high median of 4.00 (IQR 3.83-4.67)
(total score of 5) on the efficacy perception of spatial epi-
demiology, and had a high demands degree in spatial epi-
demiology, with a median of 4.00 (IQR 3.13-4.53) (total
score of 5) (Table 1).

Table 1 The average score of public health professionals on the degrees of theoretical learning, practical application, efficacy

perception, and demand for spatial epidemiology (median, IQR)

Items Median IQR Full mark
Degree of learning in different subsections 1.00 1.00-1.38 3.00
Subsection of study design theories 1.00 1.00-1.50 3.00
Subsection of spatio-temporal data analysis methods 1.00 1.00-1.22 3.00
Degree of applying in different subsections 1.71 143-2.27 5.00
Subsection of study design theories 2.00 1.50-2.50 5.00
Subsection of spatio-temporal data analysis methods 2.00 1.38-2.38 5.00
Subsection of spatio-temporal statistical analysis software 1.31 1.15-2.00 5.00
Degree of efficacy perception 4.00 3.83-4.67 5.00
Degree of professional demands 4.00 3.13-453 5.00
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The perceptions of public health professionals on public
health postgraduate study spatial epidemiology

Around 90.91% of public health professionals believed
that public health postgraduates should learn spa-
tial epidemiology. The degree of necessity that public
health professionals perceived that public health post-
graduates should learn spatial epidemiology was high,
with a median of 4.00 (IQR 3.86-4.00) (total score of 5)
(Table S3).

The situation of education and training in spatial
epidemiology at universities

A total of 51 universities were surveyed, including 20
national-level universities and 31 non-national-level
universities. The geographical distribution of surveyed
universities and public health postgraduates is shown
in Fig. 1. Only 29.41% (15/51) of universities offered
education and training in spatial epidemiology. The
proportion of offering spatial epidemiology course was
20% (4/20) at national-level universities and 35.48%
(11/31) at non-national-level universities. There was no
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Fig. 1 The universities and public health postgraduates surveyed in China
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statistical significance in offering the course between
national-level universities and non-national-level uni-
versities (Table S4). Universities offering the course
were mainly located in eastern, southwestern, and
northwestern China (Fig. S2).

The situation of learning of spatial epidemiology

among public health postgraduates

A total of 1501 public health postgraduates in China were
invited to participate, and 1354 postgraduates effectively
completed the survey (participation rate: 90.21%). Only
8.05% (109/1354) of postgraduates had been educated
and trained in spatial epidemiology (Table 2). And 31.19%
(34/109) learned spatial epidemiology through univer-
sity-offering courses (Table S5). The proportion of hav-
ing learned spatial epidemiology was 10.28% (47/457) for
postgraduates at national-level universities, significantly
higher than that 6.91% (62/897) for postgraduates at non-
national-level universities (P < 0.05, Table 2). Between the
second-level disciplines of public health, 20.83% (5/24)
postgraduates from the discipline of maternal-child-and-
adolescent hygiene had learned spatial epidemiology,
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Table 2 The learning situation of spatial epidemiology among public health postgraduates (n, %)
Variable Total Status of having learned the course of P-value®
spatial epidemiology
Yes No
Public health postgraduate students 1354 (100.00) 109 (8.05) 1245 (91.95)
Levels of universities
National-level universities 457 (34.00) 47 (10.28) 410 (89.72) 0.031
Non-national-level universities 897 (66.00) 62 (6.91) 835 (93.09)
Candidates’ degrees
Master-degree public health postgraduates 1250 (92.32) 101 (8.08) 1149 (91.92) 0.889
PhD-degree public health postgraduates 104 (8.68) 8 (7.69) 96 (92.31)
Types of degrees
Science-degree public health postgraduates 694 (51.26) 56 (8.07) 638 (91.93) 0.979
Professional-degree public health postgraduates 660 (48.74) 53 (8.03) 607 (91.97)
Second-level disciplines of public health
Public health (i.e, MPH and DrPH) 660 (48.74) 53(8.03) 607 (91.97) <0.001
Epidemiology and health statistics 348 (25.70) 41(11.78) 307 (88.22)
Health toxicology 44 (3.25) 2 (4.55) 42 (95.45)
Occupational and environmental hygiene 90 (6.65) 5 (5.56) 85 (94.44)
Nutrition and food hygiene 59 (4.36) 2(3.39) 57 (96.61)
Maternal-child-and-adolescent hygiene 24 (1.77) 5(20.83) 19(79.17)
Social medicine and health management 101 (7.46) 1(0.99) 100 (99.01)
Other second-level disciplines 28 (2.07) 0 (0.00) 28 (100.00)
Academic years
Postgraduates in the first academic year 761 (56.20) 35 (4.60) 726 (95.40) <0.001
Postgraduates in the second academic year 315 (23.26) 42 (13.33) 273 (86.67)
Postgraduates in the third academic year 230 (16.99) 27 (11.74) 203 (88.26)
Postgraduates in the fourth or above academic year 48 (3.55) 5(1042) 43 (89.58)

# Frequency and percentage were used for statistical description and the comparison was conducted by Chi-square test

higher than that from other second-level disciplines
(P<0.05, Table 2). Around 13.33% (42/315) of postgradu-
ates in the second academic year had learned spatial epi-
demiology, higher than those in other academic years
(P<0.05, Table 2).

Public health postgraduates had limited knowledge
of spatial epidemiology, and the median was 1.05 (IQR
1.00-1.29) (total score of 3). The learning degree was
non-significant between postgraduates at national-level
universities and non-national-level universities, between
master-degree and PhD-degree postgraduates, between
science-degree and professional-degree postgraduates,
among postgraduates majored in different second-level
disciplines of public health, and among postgraduates
graded in different academic years (P>0.05, Tables S6,
S7, S8, S9, S10).

The situation of practical application of spatial
epidemiology among public health postgraduates

Public health postgraduates had limited practical appli-
cation of spatial epidemiology, and the median was 1.91

(IQR 1.05-2.78) (total score of 5). The practical applica-
tion degree was non-significant between postgraduates
at national-level universities and at non-national-level
universities, between master-degree and PhD-degree
postgraduates, between science-degree and professional-
degree postgraduates, among postgraduates majored in
different second-level disciplines of public health, and
among postgraduates graded in different academic years
(P>0.05, Tables S6, S7, S8, S9, S10).

Efficacy perception of application of spatial epidemiology
to solve public health issues

Overall, public health postgraduates having learned spa-
tial epidemiology had a high median of 4.00 (IQR 3.67—
4.33) (total score of 5) on the efficacy perception of the
application of spatial epidemiology to solve public health
issues (Table 3). Notably, postgraduates at national-level
universities perceived more importance of spatial epide-
miology to solve public health issues (median 4.00, IQR
3.83-4.67) than those at non-national-level universities
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Table 3 The median on the degree in efficacy perception of spatial epidemiology among public health postgraduates

Variable n (%) Median (IQR) P-value
Public health postgraduates having learned spatial epidemiology 109 (100.00) 4.00 (3.67-4.33)
Levels of universities
National-level universities 47 (43.12) 4.00 (3.83-4.67) 0.033*
Non-national-level universities 62 (58.88) 400 (3.63-4.04)
Candidates’ degrees
Master-degree public health postgraduates 101 (92.66) 400 (3.67-4.33) 0.020*
PhD-degree public health postgraduates 8(7.34) 4.17 (4.00-5.00)
Types of degrees
Science-degree public health postgraduates 56 (51.38) 400 (3.67-4.29) 0.863"
Professional-degree public health postgraduates 53(48.62) 4.00 (3.67-4.50)
Second-level disciplines of public health
Public health (i.e, MPH and DrPH) 53 (48.62) 4.00 (3.67-4.50) 0.853"
Epidemiology and health statistics 41 (37.61) 400 (3.58-4.42)
Other second-level disciplines 15(13.76) 400 (3.83-4.17)
Academic years
Postgraduates in the first academic year 35(32.11) 400 (3.67-4.17) 0.005"
Postgraduates in the second academic year 42 (38.53) 4.00 (3.42-4.00)
Postgraduates in the third or above academic year 32 (29.56) 425 (3.83-4.96)

 Median and interquartile range (IQR) were used for statistical description and the comparison was conducted by Kruskal-Wallis test
# Median and interquartile range (IQR) were used for statistical description and the comparison was conducted by Mann-Whitney U test

(median 4.00, IQR 3.63-4.04) (P<0.05, Table 3). PhD- 4.17, IQR 4.00-5.00) than master-degree postgraduates
degree postgraduates perceived more importance of spa-  (median 4.00, IQR 3.67-4.33) (P<0.05, Table 3).
tial epidemiology to solve public health issues (median

Table 4 The median on the degree of demands in spatial epidemiology among public health postgraduates

Variable n (%) Median (IQR) P-value
Public health postgraduates 1354 (100.00) 3.33(2.67-4.00)
Levels of universities
National-level universities 457 (33.75) 3.33(2.67-4.00) 0.765*
Non-national-level universities 897 (66.25) 3.33(2.67-4.00)
Candidates’ degrees
Master-degree public health postgraduates 1250(92.32) 3.33(2.67-4.00) 0.031*
PhD-degree public health postgraduates 104 (7.68) 3.83(2.54-4.17)
Types of degrees
Science-degree public health postgraduates 694 (51.26) 3.33(2.50-4.00) 0.264"
Professional-degree public health postgraduates 660 (48.74) 3.33 (2.83-4.00)
Second-level disciplines of public health
Public health (i.e, MPH and DrPH) 660 (48.74) 3.33(2.83-4.00) <0.001"
Epidemiology and health statistics 348 (25.70) 3.67 (2.83-4.00)
Other second-level disciplines 246 (18.16) 3.00 (2.17-4.00)
Academic years
Postgraduates in the first academic year 761 (56.20) 3.33(2.75-4.00) 02221
Postgraduates in the second academic year 315(23.26) 3.17(2.33-4.00)
Postgraduates in the third or above academic year 278 (20.53) 3.50 (2.83-4.00)

 Median and interquartile range (IQR) were used for statistical description and the comparison was conducted by Kruskal-Wallis test
# Median and interquartile range (IQR) were used for statistical description and the comparison was conducted by Mann-Whitney U test
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Potential demands in spatial epidemiology among public
health postgraduates

Overall, public health postgraduates had a high degree
of potential demands in spatial epidemiology (Table 4),
with a median of 3.33 (IQR 2.67-4.00) (total score of
5). The degree of potential demands in spatial epidemi-
ology was high among public health postgraduates in
most provinces of China (Fig. S3). Notably, PhD-degree
postgraduates had stronger demands in spatial epidemi-
ology (median 3.83, IQR 2.54-4.17) than master-degree
postgraduates (median 3.33, IQR 2.67-4.00) (P<0.05,
Table 4). Postgraduates who majored in epidemiology
and health statistics had stronger demands in spatial epi-
demiology (median 3.67, IQR 2.83-4.00) than those who
majored in public health (median 3.33, IQR 2.83-4.00)
and other second-level disciplines (median 3.00, IQR
2.17-4.00) (P<0.05, Table 4).

Around 65.95% (893/1354) public health postgradu-
ates perceived that universities should offer relevant
courses in spatial epidemiology (Table 5). Specifically,
postgraduates at national-level universities had stronger
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demands in spatial epidemiology course than those
at non-national-level universities (69.15% vs. 64.33%,
P<0.05, Table 5). Compared with postgraduates in other
academic years, postgraduates in the third academic year
(76.96%, 177/230) were more eager to hope universities
offer spatial epidemiology course (P <0.05, Table 5).

Discussion

Our study found that international education insti-
tutions had developed training standards for essen-
tial knowledge and capacity of spatial epidemiology
required for public health postgraduates, and top-level
universities worldwide had already offered correspond-
ing courses to cultivate these essential knowledge and
capacity of spatial epidemiology. There was a great pro-
fessional demand in the public health fields for spatial
epidemiology. The proportion of offering spatial epi-
demiology course was limited at Chinese universities.
Public health postgraduates had limited knowledge
of spatial epidemiology and limited practical applica-
tion of spatial epidemiology. However, public health

Table 5 The demands in offering the course of spatial epidemiology among public health postgraduates (n, %)

Variable Overall The necessity of offering the course of spatial P-value®
epidemiology at universities
Necessary Not sure Not necessary
Public health postgraduates 1354 (100.00) 893 (65.95) 443 (32.72) 18 (1.33)
Levels of universities
National-level universities 457 (33.75) 316 (69.15) 128 (28.01) 13 (2.84) <0.001
Non-national-level universities 897 (66.25) 577 (64.33) 315(35.12) 5(0.56)
Candidates’ degrees
Master-degree public health postgraduates 1250 (92.32) 818 (65.44) 416 (33.28) 16 (1.28) 0.284
PhD-degree public health postgraduates 104 (7.68) 75(72.12) 27 (25.96) 2(1.92)
Types of degrees
Science-degree public health postgraduates 694 (51.26) 466 (67.15) 219 (31.56) 9(1.30) 0.636
Professional-degree public health postgraduates 660 (48.74) 427 (64.70) 224 (33.94) 9(1.36)
Second-level disciplines of public health
Public health (i.e,, MPH and DrPH) 660 (48.74) 427 (64.70) 224 (33.94) 9(1.36) 0.061
Epidemiology and health statistics 348 (25.70) 253 (72.70) 92 (26.44) 3(0.86)
Health toxicology 44 (3.25) 24 (54.55) 19 (43.18) 1(2.27)
Occupational and environmental hygiene 90 (6.65) 63 (70.00) 25(27.78) 2(2.22)
Nutrition and food hygiene 59 (4.36) 33 (55.93) 25 (42.37) 1(1.69)
Maternal-child-and-adolescent hygiene 24 (1.77) 15 (62.50) 9 (37.50) 0 (0.00)
Social medicine and health management 101 (7.46) 66 (65.35) 33(32.67) 2(1.98)
Other second-level disciplines 28(2.07) 12 (42.86) 16 (57.14) 0(0.00)
Academic years
Postgraduates in the first academic year 761 (56.20) 455 (59.79) 296 (38.90) 10(1.31) <0.001
Postgraduates in the second academic year 315(23.26) 227 (72.06) 83 (26.35) 5(1.59)
Postgraduates in the third academic year 230(16.99) 177(76.96) 51(22.17) 2(0.87)
Postgraduates in the fourth or above academic year 48(3.55) 34(70.83) 13(27.08) 1(2.08)

*# Frequency and percentage were used for statistical description and the comparison was conducted by Chi-square test
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postgraduates had high potential demands in spatial
epidemiology. Furthermore, we identified critical gaps
in the essential knowledge and capacity of spatial epi-
demiology between the current university education
and competency-oriented professional demands in pre-
paring for a future pandemic among public health post-
graduates in China.

The limited learning-and-practical application degrees
of spatial epidemiology among public health postgradu-
ates might be related to the limited proportion of offer-
ing spatial epidemiology course at universities. This study
showed that public health postgraduates rarely learned
the essential theory, knowledge, and capacity of spatial
epidemiology through systematic courses provided by
universities. A previous study found that public health
postgraduates lacked of spatial epidemiology thinking
during the COVID-19 outbreak in China, mainly due
to the absence of university education in spatial epide-
miology [27]. In theory, national-level universities are
the key universities for training talents [28]. There was
no statistical significance in offering spatial epidemiol-
ogy course between national-level universities and non-
national-level universities. This fact might suggest that
education and training in spatial epidemiology were not
greatly highlighted in China. Moreover, the learning-
and-application degrees of spatial epidemiology were
non-significant between master-degree and PhD-degree
postgraduates, between science-degree and professional-
degree postgraduates, among postgraduates majored in
different second-level disciplines of public health, and
among postgraduates graded in different academic years.
This situation implied that the distinction degree of the
curriculum system had not been considerably achieved in
China [26].

The learning-and-application degrees of spatial epi-
demiology among public health postgraduates did not
reach the requirements of public health talent storage. In
2013, the Chinese Ministry of Education proposed that
public health postgraduates should systematically mas-
ter the relevant interdisciplinary knowledge [29]. The
related interdisciplinary knowledge included big data sci-
ence (e.g., spatio-temporal big data), statistical method
application, and biological information. In addition to
the competencies required for the master-degree pub-
lic health postgraduates, the PhD-degree public health
postgraduates were required to have in-depth learn-
ing of frontier theories and methods of the major. As a
new frontier inter-discipline, spatial epidemiology plays
a major role in public health practices [30]. However,
Combining the international educational trends and pro-
fessional demands in public health fields, we found the
deficiencies and inadequacies in university education in
spatial epidemiology among public health postgraduates
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in China, and the situation of learning and application in
spatial epidemiology among public health postgraduates
were severe.

After the COVID-19 outbreak, the concept of return-
ing to social model ‘Public Health 3.0’ was put forward
internationally. It emphasizes that public health sectors
should collaborate with agencies outside of the health-
care organization, such as bureau of health-related big
data [31]. The Ministry of Education carried out the
training mode reform of inter-disciplinary public health
talents, strengthening the training in spatio-temporal
big data and data science for high-level applied pub-
lic health talents [25]. Specifically, there are huge gaps
between the current university education in spatial epi-
demiology among public health postgraduates in China
and capacity reserve and talent preparation needed to
respond to a future pandemic of EID.

Causes underlying the gaps were multifactor. First,
the curriculum system of education and training pro-
grams at Chinese universities is not completely consist-
ent with international standards. Spatial epidemiology
course is commonly taught in the education program
for public health postgraduates in western countries
[32, 33]. Similar findings were revealed in Spain [34],
for example, causal inference was added into the curric-
ulum system of public health postgraduate education.
Second, training and education in spatial epidemiology
were launched relatively late in China, and there may be
a shortage of specialized teachers well-trained in spatial
epidemiology at Chinese universities [35]. Third, it is
not deeply interdisciplinary between traditional epide-
miology and geographic information science, as well as
spatio-temporal big data science [27]. Thus there is still
a paucity of epidemiologic research integrating of geo-
graphic perspectives [36].

It is encouraged that public health postgraduates
have perceived the importance of spatial epidemiology.
Specifically, postgraduates who majored in epidemiol-
ogy and health statistics had stronger demands in spa-
tial epidemiology, as epidemiology and health statistics
was a second-level discipline focusing on the cultiva-
tion of theoretical methods [37]. Consistent with find-
ings in other studies [7, 38], public health talents had
realized the importance of learning spatial epidemiol-
ogy, and perceived the necessity of university education
and training in spatial epidemiology in China.

Strengths and limitations

This study had several strengths. First, public health
postgraduates were from various universities across
China, and the findings were well-generalized. Second,
this study systematically examined whether there were
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critical gaps in a future EID pandemic preparedness
and response by exploring the international education
trends, the demands of public health fields, and the
current situation of spatial epidemiology education in
China. Despite the above strengths, limitations should
be noted. As the questionnaires were distributed
online, bias might exist.

Policy implications

To enhance the competency-oriented professional capac-
ity in preparedness and response to a future pandemic,
this study has important implications for university
education in spatial epidemiology among public health
postgraduates. First, the demands in spatial epidemiol-
ogy among public health professionals and public health
postgraduates were large. Chinese universities should
incorporate education and training in spatial epidemi-
ology into the education system for public health post-
graduates, particularly into the compulsory curriculum
system, and enrich the teaching contents of spatial epi-
demiology course. Second, spatial epidemiology has the
duality of theory and practice. In the cultivation of theo-
retical knowledge, attention should be paid to the cultiva-
tion of practical application capacity. To better construct
the curriculum system of spatial epidemiology, further
empirical studies are needed in China.

Conclusion

The study examined the international education trends,
the demands of public health fields, and the current situ-
ation of spatial epidemiology education in China. We
detected huge gaps between the current situation of uni-
versity education in spatial epidemiology among public
health postgraduates and the professional demands of
public health fields. To bridge the gaps, and prepare for
and respond to a future pandemic of EID, it is urgent to
incorporate the teaching and training of spatial epidemi-
ology into the education system of public health post-
graduates in China, particularly into the compulsory
curriculum system. The next generation of public health
talents in China should be well equipped with spatio-
temporal thinking to rapidly cope with pandemic.
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